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IS THAT “SPECIAL” CONTACTOR YOU NEED 


M-REGULAR’™ 10? 


The tremendous variety of “regular” contactor designs produced by ASCO 

is the outgrowth of unequalled experience in the engineering of “special” 

control mechanisms. While this know-how can be put to work to resolve your 
unusual control problem, chances are that the solution is already on an ASCO shelf. 


Often a slight modification of one of the many versatile ASCO designs will 
perfectly adapt it for performance to your most stringent specifications. 

All ASCO Magnetically Held Contactors are designed for flexibility to permit 
unusual contact materials, uncommon multipole contact arrangements, 

ac and de arrangements, and a host of other engineered-to-fit features. 


Is your requirement sustained low contact resistance? High interrupting capacity? 
Must your contactors close against transformer inrush currents of 30 times steady state? 
Do you require insulation for high voltage with cold switching? 


ASCO Contactors meet these problems and many others. Contactors 
are available to 2000 amperes, 600 volts ac or dc. 


Catalog 57-S3, available on request or from your local ASCO representative, 
illustrates many unusual Magnetically Held Contactors. 
One of these “regulars” may meet your needs precisely. 


ASCO Electromagnetic Control ASCO. 


DEPENDABLE CONTROL BY AUlomalic SWitch CO. 54A HANOVER RD. FLORHAM PARK, N. J. = FRONTIER 7-4600 » AUTOMATIC TRANSFER SWITCHES + SOLENOID VALVES + ELECTROMAGNETIC CONTROL 
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SEALS for Every Requirement! 


Dasnrot CHECK VALVE 
OMe 
POWER STEERING 
ASSEMBLY DETAN 


@ TOP SEALING EFFICIENCY 
@ HIGH DENSITY e WEAR RESISTANT e CUSTOM COMPOUNDS 


INJECTION MOLDED O-RINGS 


e «+ give better service in any application 


Minnesota Rubber injection molded O-rings always perform 
more efficiently and have a longer service life than ordinary 
O-rings because they do not have any variations in cross- 
sectional thickness. 

In addition, the higher, more uniform density of rubber 
makes them highly resistant to chemicals and wear due 
to abrasion. 

MR O-rings can be furnished out of the economical, yet 
durable industrial standard compound 366Y, or if your applica- 
tion requires it, Minnesota Rubber engineers will come up with 
a customized compound that exactly fits your needs. 


The MR QUAD-RING 
gives superior sealing per- 
formance in hydraulic and 
pneumatic applications, 
either static or dynamic. 
The four lipped design 
prevents the rolling effect 
found with O-rings, there- 
by eliminating the common 
spiral twist failure. This 
exclusive design features 
four flexible sealing lips and 
permits installation with 
je 4 4 : \ less squeeze, reducing fric- 
ALL CONDITIONS ) > tion, breakout force and 
@ ELIMINATES wear. QUAD-RINGS can 
TWisT PANURE £5 0 be made out of rubber 
compounds which exactly 
FLEXIBLE SEAL- . match the application. You 
pin patna A a can be sure of positive seal- 
INSTALLATION ing when you use QUAD: 
@ HIGH DENSITY aes ob tet RING SEALS in all your 
MOLDED APPLICATION installations. 
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QUAD RINGS®. .. KAPSEALS®... 
O-RINGS OR PROTOTYPES BY KOTOKAST 
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KAPSEAL 


LONG LIFE LOW FRICTION SEALING 


The KAPSEAL® is a Teflon® boot which is used 
in combination with a standard O-Ring to give 
superior sealing performance and eliminate breakout 
friction. It comes in two styles, KIN and KEX. 
KIN is used in applications when the ID of the seal 
is the sealing surface, while KEX is used when the 
OD is the sealing surface. 

A seal of this nature was needed for applications 
which involved long periods of time on stand-by or 
in storage, as well as applications requiring continu- 
ous, non-failing operation. Tests lasting over 4 mil- 
lion cycles give a good indication of the KAPSEAL's 
potential. 


<— PROTOTYPES © 
by KOTOKAST _ 


HIGH QUALITY, ECONOMICAL — 
= PROTOTYPE RUBBER PARTS 


CLOSE TOLERANCES—Tolerances are identical with those 
that will be found on standard production parts. 

FAST SERVICE— Usually it will take only hours from the time 
the order is received to produce twelve prototype parts 
using Prototypes by KorToKastT. 

ECONOMY—This is the most economical method of pro- 
ducing prototype parts there is. 

NO LIMITATION—Prototypes by Korokast has been suc- 
cessfully applied to a wide variety of designs ranging 
from a simple washer to intricate molded parts. 
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Front Cover: Artist George Farns- 
worth underscores the attention re- 
cently given to roller chain standards 
by manufacturers. On Page 126, J. F. 
Pfrank and C. 0. Sundberg explain 
the new horsepower and speed 
ratings, and tell how to put them 
to work most effectively. 


Zeus: Uncertain Fate of a Missile Killer ........ 24 


News Report—Questions as to its worth, in light of the high price tag, have clouded 
the future of America’s most successful missile-hunting missile. 
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control of the flow of technical information into and out of a company. 
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Preventing Fatigue Failures .............. 154 
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How to relate multiaxial fatigue stresses to a single allowable fatigue stress. 
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R. BRUCE HOPKINS—Data Sheet—A straightforward method for predicting deflections at 
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J. R. BLIZARD—Design Abstracts—A design guide to the properties, applications, and 
advantages of various types of glasses and ceramics. 
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Later Than You Think? 


BEN HUMMEL—Editorial 
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Topics Spaceship explosion hazard 15 
Tape-controlled gage Automatic draftsman 28 
Air-regeneration system .... High-frequency ignition .... 35 
Powdered insulation Foct-soldier jet assist 
Rust-preventive film Bearing stresses 
Superconducting transformer Exotic bearing lubricants .. 
Trends 
Picture Report 
Meetings and Shows 
Short Courses and Symposia 
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Movable pivot point provides pump adjustment—virtual hinge point 
allows door to operate on double-curved surface—tapered valve shroud 
produces gradual decrease of flow area—linkage provides equal but 
opposite rotation of pivot points—spring flaps open or close valve— 
vane-released cam triggers torque multiplier—plug valve provides in- 
creased tolerance for solids in suspension—triple-wafer deck doubles 
capacity of subminiature switch—-load-displaced disc controls output cur- 
rent—twin-recording heads produce artificial music—fluid-powered pop- 
pet uses energy of fluid being controlled—flexure-mounted armature 
detects excess vibration—bag injects fluid into primary stream—fluid 
shear resistance transmits torque in hydraulic coupling. 
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Ball-bearing memory programs handling sequence—spring-loaded track 
drives cotton-picking spindles—bang-bang controls guide sub simulator. 
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Kew brakes are called upon to take such a beating. That’s why 
HAyYNEs alloy No. R-41 was selected for all critical areas 

of the petal-type speed-brake on the Air Force’s new F-105 
Thunderchief fighter-bomber. 


Closed, the tail-mounted “‘petals’”’ encircle the flaming gas 
blast behind the J75 engine’s afterburner. Then, tremendous 
stress loads and thermal shock are imposed as the searing-hot 
doors whip open into the cold airstream —to check the blazing 
speed of the 23-ton, Mach 2 fighter. 


Haynes high-temperature alloys that resist temperatures of 
1700 deg. F and over—for long periods and under great stress— 
today serve many hot spots. Resistance to stress, to thermal 
shock, to corrosion, erosion, and fatigue, are typical properties 
that make these alloys so extremely useful in turbojet engines, 
in ramjets, missiles, rockets, manned space capsules. 

Whether investment- or sand-cast, rolled, wrought, vacuum 
melted, or air melted, there’s a HAYNES high-temperature 

alloy to meet your needs. 


AaLLows 
HAYNES STELLITE COMPANY 


Mechanic adjusts hinge of speed-brake 

door whose critical parts are of HAYNES 

alloy No. R-41. Division of Union Carbide Corporation 
Kokomo, Indiana 


UNION 


Address inquiries to Haynes Stellite Company, 270 Park Avenue, New York 17, N. Y. : CAR 34] DE 


“Haynes” and “Union Carbide” are registered trade-marks of Union Carbide Corporation. 
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A pair of imports: 


New-Model MG... New-Look Sprite 


Strong family resem- 
blance is clearly re- 
flected in rear views of 
the Sprite Mk. Il and 
MG Midget; styling is 
practically identical, 
down to tail lights, 
bumpers, and gasoline 
cap. The two cars are 
also alike underneath. 
Both are of all steel, 
mono-construction — (in- 
tegral body-frame), 
have rack and pinion 
steering, drum brakes, 
and use identical sus- 
pension systems: front 
— independent with coil 
springs and wishbones; 
rear — quarter-elliptic 
leaf springs. 


New Yorx—British Motor Corp., 
manufacturer of more than 50 per 
cent of all sports cars sold in the 
U. S. has doubled its selection of 
“compact” sports models with the in- 
troduction of the MG Midget. Pro- 
duction of the new car follows close- 
ly the announcement that BMC’s 
popular Austin-Healy Sprite (the 
other compact) has been given its 
first face lift in three years. 

Sprite’s restyling and the intro- 
duction of the Midget are evidently 
not coincidental—the cars are simi- 
lar mechanically and in appearance. 
Both are powered by 4-cyl engines 
rated at near 50 hp, use the same 
four-speed gear box with hydrauli- 
cally actuated single-plate dry 
clutch. Synchromesh is provided in 
second, third, and top gears, and 
forward-gear ratios vary from 3.2:1 
to 1:1. Under the hood, double 
valve springs are operated by push 
rods from a three-bearing camshaft. 
Engine cooling is accomplished by a 
pressurized system with an impeller 
pump and fan; circulation is thermo- 
statically controlled. 

Both Sprite and Midget are soft- 
top two-seaters, have sliding side 
windows, and are styled remarkably 
alike. Performance of the new MG 
was not disclosed, but it probably at 
least equals that of the Sprite: Top 
speed of about 85 mph; 35 mpg. 


BMC 948-CC Engine 
4-cyl, ohv 
Bore & Stroke (in.) 2.47 x 3.00 
Displacement (cu in.) .... 57.9 





Compression Ratio 9tol 
Power, max (bhp) 


Torque, max (lb-ft) 52.5 @ 2750 
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Application tested! Proved! 


WHY HEAT TREAT 
PARTS? use 5450 


elevated temperature drawing (150,000 psi tensile) 


ALLOY STEEL BARS 


&® 150 Alloy needs no heat treating! 


> 150 Alloy has 150,000 psi tensile guaranteed! 
(Rockwell C32 minimum) 


&® 150 Alloy machines better than heat treated 
alloy steels! 


mi aa 


Here are cost-reducing advantages 


(1) Heat treating problems, costs (and secondary operations) are 
eliminated. (2) “e.t.d.” 150 machines better than heat treated in-the- 
bar alloy steels. (3) Tool life and finish are excellent. (4) No quench 
cracks or distortion from heat treatment. (5) “e.t.d.” 150 has excep- 
tional strength and hardness uniformity across the bar. (6) End 
cost of parts is greatly reduced. 


Use this coupon to request Helpful Data Bulletin 22. 


Selle Manufacturers of “s 
STRESSPROOF®, FATIGUE-PROOF®, 
a STEEL CO. and a complete line of 


1426 150th St. Hammond, Ind. cold-finished steel bars. 


Name 
Title 
Company 
Address 


Ce eee State 


Available from your Steel Service Center 
Circle 207 on Page 19 
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*Peek-a-boo’ Cards Dial 
NBS Information Drum 


Wasuincton — A punched-card 
technique called peek-a-boo and a 
newly developed electromechanical 
searching machine are helping the 
National Bureau of Standards re- 
searchers do their own reference 
work. Simplicity of the equipment, 
coupled with a number of automatic 
features, allows each man to do his 
own “digging.” 

Most of the current work in the 
information-retrieval area is directed 
toward development of complex ma- 
chines with vast memories. But 
after the inquirer has supplied the 
input to these machines, he will 
lose direct control of the search. The 
element of feedback is missing. 

NBS scientists believe feedback 
contributes so much to the effective- 
ness of a literature search that they 
have developed something different. 
To explain their stand, they draw 
the analogy between literature 
searching and the game of “twenty 
questions.” The game is effective 
in pinpointing information because 
each question is phrased after the 
previous one has been answered. 
The researcher is at all times in con- 
trol of the search process and is up 
to date on information developed. 

In the peek-a-boo technique, each 
of the punched cards represents an 
index word, and positions of holes 
in the card identify documents per- 
taining to the word. When cards 











Driving a simple cable linkage, two 
control wheels rotate and translate a 
drum and position cursors over holes 
in punched cards. Mounted on the 
drum, a film of microimaged abstracts 
(positioned according to the card holes) 
is focused on the screen when the 
cursors intersect over a hole. Abstracts 
can be copied by tripping a camera 
within the machine (right). 


representing key words are super- 
imposed, holes that remain unob- 
scured refer to appropriate docu- 
ments. 

The searching machine allows 
these documents to be viewed. For 
each index card, there is a corre- 
sponding 15-in.-square sheet of film. 
The film contains abstracts of 18,- 
000 documents, corresponding in lo- 
cation to the 18,000 holes on the 
card. The searcher mounts the 


index cards in the machine and 
mounts the film matrices on a drum 
of the machine. Then, he adjusts 
(by control wheels) horizontal and 
vertical cursors to center on each 
unobscured hole in turn. Turning 
the control wheels causes rotation 
and translation of the drum carrying 
the film matrix, and as the cursor is 
set on each hole, a full-size focused 
image of the abstract corresponding 
to the hole is projected on a screen. 





For the price of a fine or two, a 
heavy-footed motorist can buy a radar 
detector. A transistorized device about 
the size of a cigarette pack, it gives 
warning when a car enters a radar- 
patrolled zone. Gepco Mfg. Co., Sum- 
mit, Ill., claims its detector will pick 
up any radar transmission. 

ee e@ 

No ribbon to change and no smudgy 
erasures are two big advantages of a 
noiseless typewriter invented by John 
E. Hickerson, senior engineer for IBM. 
Instead of the usual letters on bars, 
the experimental machine has a type 
wheel. Striking the keys turns this 
wheel, presenting a letter at a time to 
an endless magnetic tape. Blown-on 





Topics 


powdered ink sticks to the tape, which 
is then pressed against the paper. A 
whole line prints at once; it can be 
inspected beforehand and corrections 
made by wiping and retyping. After a 
line is printed, the tape is demagne- 
tized, and the ink is brushed off. 
eee 
Landing strips will get the brush 
from Dyna-Soar space gliders when 
they return from a flight. Goodyear 
Tire & Rubber Co. is developing wire- 
brush landing gear skids for the ve- 
hicle. 
e e@e 
Green cheese—and any other ma- 
terial the moon is made of—will be 
analyzed by a miniature chemistry la- 


boratory aboard the Surveyor space- 
craft scheduled for a moon landing in 
1963. The lunar chromatograph will 
be set up to study organic chemicals, 
found recently in-meteorites and sug- 
gesting life on other planets. Gases 
released by heating lunar soil will be 
piped into a “super sniffer,” where 
chemical composition will be deter- 
mined by passing a minute electrical 
current through the gas. Information 
on any of several hundred compounds 
will be converted into electrical sig- 
nals and transmitted to earth. The 
chromatograph, under development by 
Aerojet-General Corp. for NASA, will 
be contained in an 8 by 8 by 10-in. 
black box. 











greatest 
variety 


lets you select the housing that’s best 


Why use costly specials? Why substitute? With 
Shafer-Rex you can select the one housing that’s 
best for your specific requirements. 


The Shafer-Rex line of mounted roller bearings 
is the most complete in the industry. You can select 
from a variety of housing styles—each available 
with normal-duty, heavy-duty and adapter bearings. 


And, style for style, Shafer-Rex saves space. It 
fits into the tight spots, allowing you maximum 
freedom of design. 


In addition, a Shafer-Rex Self-Aligning Bearing 
assures long life: eliminates additional wear and 
stress of misalignment; takes severe shock and 
loading safely; takes thrust loads without strain 
or binding. 


Write CHAIN Belt Company, 4643 W. Greenfield 
Ave., Milwaukee 1, Wis. In Canada: Rex Chainbelt 
(Canada) Ltd., Toronto and Montreal. 
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Tape-Controlled Gage 
Catches Errors of 0.00001 in. 


Dayton, On1o—A 16-ton system, commanded by a roll 
of punched tape, completes almost 1000 precise measure- 
ments necessary on a missile nose cone in two hours. 
Designed to automate an unusually critical inspection 
process, the measuring machine checks out a nose cone 
in a fraction of the time required by other methods 
(about one month). 
The jumbo-size gage, developed by the Sheffield 
Corp., subsidiary of the Bendix 
Corp., is so sensitive that it 
can detect a change as small 
as 10 millionths of an inch in 
relatively large components. 
In addition to speed and sensi- 
tivity, the device eliminates 
human error because it can 
automatically perform thou- 
sands of detailed measure- 
ments. If required, it could 
take 100,000 precision read- 
ings on a single inch of the part being inspected. 
Capable of measuring inside, outside, and thickness 
dimensions, the machine uses five axes to position and 
record the position of electronic gaging styli. 
According to Louis Polk, Sheffield’s chairman of the 
board, this first measuring system is the forerunner 
of several machines now being developed for fast, highly 
accurate tolerance control of key components. The 
equipment will be used in inspection of commercial 
products as well as in space and weapons systems. 


Part to be measured rotates on a positioning table while 
sensing devices feel its inner and outer surfaces. Control 
and thickness data are typed automatically by the print- 
out unit. The machine can inspect work pieces having 
diameters up to 20 in.; minimum inside radius of work 
is 2 in. Operating from instructions coded on a tape, the 
measurement machine moves the rotary (positioning) table 
back and forth, slides inner and outer gages up, down, 
and horizontally. All slides operate within 15 millionths 
of an inch of true position and can be calibrated to within 
10 millionths. According to Sheffield, other measuring 
devices cannot achieve this accuracy. 


Mouse Proves Out Automatic Air-Regeneration System 


SUNNYVALE, CauiF.—Locked in a sealed cylinder for 
80 hours, a test mouse at Lockheed Missiles and Space 
Co. recently breathed recycled air supplied by an auto- 
matically controlled potassium-superoxide system. Acti- 
vated as needed, the system used only 100 grams of the 
superoxide during the test period—one mouse weight 
for each 20 hours. 

Converting carbon dioxide to oxygen by this process 
isn’t new, but in the past the chemical was manually 
added to room air when COs gages read high. Many 
researchers have claimed the superoxide is too unstable 
for use in automatic life-support systems. They have 
feared that too much oxygen would be released, creating 
pressure build-ups which could not be tolerated. 

The simplicity of the mouse-tested cell affords a much 
higher reliability than that of a complicated mechanical 
system, according to Stan Hall, manager of Lockheed’s 

. Bio-Medical Systems Development. The chemical, con- 
tained in a cartridge surrounding the cell, is fed through 
a controlled inlet station at one end. Key component 
in the system is a precise regulator which bleeds off ex- 
cess oxygen. Design of the device was dictated by the 
metabolic rate of the mouse and cell pressure. 


10 


Alive after breathing recycled air for 80 hr, a Lockheed 
mouse proved the feasibility of a new life-support system 
for man in space. The automatic process is the first to use 
potassium superoxide to reclaim air from carbon dioxide. 
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Packings of asbestos and TEFLON TFE in7 steam valves 
stopped leakage...reduced maintenance...saved $280 per year 


The packings: asbestos impregnated with a Du Pont TerLon TFE- 
fluorocarbon resin. The application: main distribution control valves 
on the boiler header shown above, handling steam at 150 psi. and 356°F. 


CAN YOU AFFORD NOT 
TO USE TEFLON? 


Packings made with TEFLON are your 
logical and most economical choice when- 
ever severe environmental conditions are 
encountered, AND in all cases when you 
want— 
... greatly reduced packing maintenance 
.. reduction of replacement costs 

. .. reduced cylinder and shaft wear 
... greater standardization with reduced 
packing inventories 

. the competitive advantage of quality 
and dependability 
If any of these considerations are im- 
portant to your design, the choice of any 
other kind of packing material might 
well be wasteful. 


8t6.y.s. par orf 


SCETTER FTHtRHRSEeC POR BETTER tt i ee... 
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The performance advantages: the packings do not leak . . . do not need 
retightening . . . last indefinitely . . . valves turn easily without “per- 
suaders”. Unlike oil, grease and graphite additives, which squeeze out 
and leave a dry, abrasive base, the impregnations of TEFLON make a 
lasting mechanical bond with the asbestos. The cost savings: average 
savings per valve of $10 per year on repacking and retightening for- 
merly necessary, and $30 per year formerly lost through leaking steam 
—a total of $280 per year for the 7 valves. 

Under more severe service conditions, TEFLON resins are often the 
only answer. These materials are inert to virtually all chemicals and 
solvents, at temperatures from —450°F. to 500°F. 

Consult your supplier about the many constructions available in 
packings made with TEFLON. Write for the new booklets: “Packings 
for Valves and Pumps”, and ‘Designing with TEFLON”. Address: E. I. 
du Pont de Nemours & Co. (Inc.), Dept. MD-76, Room 2507T, Nemours 
Building, Wilmington 98, Delaware. In Canada: Du Pont of Canada 
Limited, P. O. Box 660, Montreal, Quebec. 


TEFLON is Du Pont’s registered trade- 
mark for its family of fluorocarbon res- 


7 fod ei O Ni . ins, including TFE (tetrafluoroethylene) 
resins and FEP (fluorinated ethylene 


FLUOROCARBON RESINS propylene) resins. 
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Powder bonded to iron will 
insulate stators on future GE 
appliance motors. The coat- 
ing allows use of irregular 
slot configurations, and sta- 
tors are much thinner than 
standard stators with plastic 
slot liners. 


Powdered Insulation Shrinks Small Motors 


Scuenectapy, N. Y. — Stator-slot 
configurations need no longer limit 
the flexibility of appliance-motor de- 
sign. A new insulation powder, 
bonded directly to the stator iron, 
allows irregularly shaped, nonuni- 
form slots and permits a_ better 
maich of a motor to its application. 

The insulation system, developed 
by General Electric Co., Appliance 
Motor Dept., is already replacing 
both paper and plastic liners on 
motors. According to GE, two-speed 
home-iaundry motors will be the 
first to use the integral powder; all 


GE appliance motors will eventually 
use it as production capacity be- 
comes available. 

Advantages of the new insulation 
are tied in to the thinner and irregu- 
lar slots it makes possible. Motor 
performance and quality will be im- 
proved, and versatility will also in- 
crease, says GE. Shorter and lighter 
two-speed motors are possible, and 
higher torques from contemporary- 
size packages will result, In addi- 
tion, the insulation decreases leakage 
current and improves moisture re- 
sistance and high-temperature life. 


Film Stops Rust on Stored Parts 


PrrrssurGH — Brushed, sprayed, 
dipped, or fogged onto ferrous met- 
als, a light oily liquid developed by 
Ronco Laboratories is said to stop 
rust completely. High temperature 
and humidity tests show the pre- 
ventive works best under adverse 
conditions. 

Intended to protect equipment 
that must be stored for long periods, 
the new liquid, called Ferro-Guard, 
forms a film that seals out damp- 
ness and oxygen and neutralizes 
acids contained in the atmosphere. 
One coating protects an unwrapped 
surface for at least a year. 

An uncoated bearing (right), sus- 
pended for four months over a wa- 
ter-rust preventive mixture and sub- 
jected to cyclic-temperature tests, 
showed no sign of rusting. 
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Superconducting Transformer 
Hurdles Design Obstacles 


Newest Cryogenic Device 
Eliminates Winding Losses 


CampBripcE, Mass.—A new kind of 
transformer, now operating success- 
fully at the 15-kw level, may lead 
to a radical change in power tech- 
nology. According to its inventor, 
Dr. Richard McFee, Arthur D. Little 
Inc., it could be the prototype 
for lighter and less costly transform- 
ers that would not suffer the elec- 
trical-heating losses or be subject 
to temperature limitations of pres- 
ent-day electrical insulation. 


Primary Bucks Secondary 


The design makes use of super- 
conductivity—the ability of some 
metals to conduct an electrical cur- 
rent without resistance at tempera- 
tures near absolute zero. Supercon- 
ducting transformers have been con- 
sidered before, but magnetic fields 
above certain trigger strengths 
quenched the superconducting state. 
This fact presented apparently in- 
surmountable obstacles. Dr. McFee, 
however, discovered that by inter- 
leaving the layers of primary and 
secondary windings he could keep 
the total magnetic-field strength 
below the critical level. Since cur- 
rent in adjacent layers flows in op- 
posite directions, the individual 
fields nearly cancel one another. 

Development of an improved heli- 
um refrigerator by ADL solved an- 
other problem in the superconduct- 
ing transformer. Now in its final 
design stages, the refrigerator will 
produce temperatures to —452F 
and hold them unattended for 
months of continuous operation. 


Only the Coils Are Cooled 


Because cost of refrigerating the 
whole transformer would be exces- 
sive, only the superconducting coils 
are cooled. Heat leaks into the sys- 
tem are controlled by vacuum in- 
sulation, liquid - nitrogen _ heat 
shields, and arrangement of the su- 
perconducting leads. 

The problem of excessive current 
loads requires elaborate safeguards 
to insure that they don’t break down 
the superconductive state, temporari- 
ly putting the device out of serv- 
ice. Outages will be prevented by 
fast-acting circuit breakers or ex- 
ternal inductance coils. 
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TORRINGTON NEEDLE BEARINGS 
FEATURE: 


(1) Unique unit construction 

{1 Full complement of retained rollers 

[) Unequalled radial-load capacity 

( Low coefficient of starting and 
running friction 

(0 Low unit cost 

(0 Long service life 

(0 Compactness and light weight 

(© Run directly on hardened shafts 

CO Permit use of larger and stiffer 
shafts 


It’s easy as 1—2—3 with... 


LOW-COST TORRINGTON NEEDLE BEARINGS! They can be installed easier and 
faster than any other type of anti-friction bearing. There’s no waste time . . . no 
waste motion. No collars, shoulders or retaining rings to complicate assembly. 
Just one quick ram stroke. . . and the Torrington Needle Bearing is completely 
and firmly installed. 

These exceptionally low-unit-cost and assembly advantages are yours whether 
you’re geared for large volume, high-speed runs on automated machines... or 
lower volume, lower-speed assembly on simple arbor presses. Either way, you'll 
find it pays to specify Torrington Needle Bearings. 

Torrington Needle Bearings offer other outstanding design and performance 
benefits. For details on how they can help you, call or write us today. 


TORRINGTON BEARINGS 


progress through precision 


THE TORRINGTON COMPANY 


Torrington, Conn. « South Bend 21, Indiana 
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Vehicle Designs Win Two Awards 


Cuicaco—Designs for aluminum vehicles took two 
awards in Alcoa’s industrial design competition for 
college students. Six winners for 1961 were announced 
by Aluminum Co. of America. 

Sparky, an electric runabout (upper photo) designed 
by Marnie G. Averitt, Illinois Institute of Technology, 
travels 60 miles at speeds up to 30 mph on one battery 
charging. Able to carry two people comfortably in its 
cabin, the vehicle hauls an 800-lb payload or two 
additional people (seated on a fold-out rumble seat) 
in the rear deck. Minimum weight is achieved in the 
all-aluminum body by use of 5052 alloy, formed in 
aircraft-type panels. 

Amphicar, a combination station wagon, boat, and 
travel trailer (lower photo) designed by John H. Bowers 
Jr., Pratt Institute, serves five persons comfortably and 
effectively. Measuring 16 ft long by 7 ft high, with 
a 7-ft beam and 105-in. wheelbase, it has a loaded 
weight of 3000 lb. Cruising speed on land is 60 mph; 
in water, 5 knots. 

A double-top umbrella roof raises and lowers hy- 
draulically to fit the Amphicar for its three functions. 
With roof lowered and “penthouse” raised, it has 74 
in. of headroom for camping. With roof raised for 
boating, headroom reaches 77 in.; cab roof serves as a 
sundeck and driving platform. 


The other four awards were given for an overhead 
transportation complex (David L. Haas, University of, 
Bridgeport), a fastening technique (Andrew A. Oakes, 
Philadelphia Museum College of Art), a mail box 
(Robert C. Taylor, University of Illinois), and a ski 
and pole storage-carrier (Charles Tipple, Syracuse). 


For Smashing Atoms: Precision by the Ton 


BERKELEY, Caurr. — Fourteen 
massive blocks of precision-shaped 
steel make up the magnet core in 
the University of California’s new 
atom smasher. Forged and ma- 
chined by United States Steel 
Corp., the 275-ton magnet will pro- 
vide the 88-in. cyclotron with a 
very high beam current—about 107° 
particles per sec. 

The atom smasher, a new design, 
is not intended to accelerate par- 
ticles to very high velocities. It 
will, however, have unmatched 
versatility. The million billion par- 
ticles accelerated every second 
should permit nuclear explorations 
never before possible. The beam 
current is about double that of the 


The fourteen forgings making up the magnet fit together with tolerances of famous 60-in. Berkeley cyclotron; 
0.006 in., although the smallest block weighs 12 tons. Frame of the magnet about 1000 times that of the 184- 
measures 20 ft long, 7 ft wide, and 91/2 ft high. in. machine. 


14 MacHINnE Desicn 





150,000-mph Particles May 
Trigger Spaceship Explosion 


Tests Show Vaporific Blasts 
Possible Danger to Crew 


Dattas — The space crewman 
whose craft is pierced by a fast- 
moving micrometeoroid may face 
the danger of a “vaporific effect” 
similar to a flash explosion. Ac- 
cording to Dr. Charles F. Gell, di- 
rector of life sciences, Chance 
Vought Aircraft Inc., Astronautics 
Div., the likelihood of an astronaut 
in the Mercury capsule or Dyna- 
Soar vehicle being struck is not 
great, but the problem must be 
solved before long flights can be 
safely attempted. 

When researchers fired 0.2-gram 
aluminum pellets through a vacuum 
at an air-filled chamber, cameras 
recorded bright explosion - like 
flashes inside the chamber. Later, 
traces of aluminum oxide were 
found. Velocity of the pellets 
(17,000 mph) was well below the 
average velocity of micrometeoroids 
—believed to be near 150,000 mph 
—but it did approach the speed of 
the slowest particles. 


Mice and Meteoroids 


Six experiments were conducted 
with mice in the simulated space 
ship. In five of the tests, the 
animals, in a normal atmosphere, 
suffered varying degrees of injuries 
and burns and appeared to be in 
shock. Four of the five recovered. 
In the final test, oxygen content of 
the atmosphere was boosted to 90- 
95 per cent. The results were cata- 
strophic. The mouse died instantly 
and was totally charred in the ex- 
plosion. Microscopic examination 
showed extensive lung damage. 

Before these tests, scientists had 
assumed that small-meteoroid punc- 
tures would cause slow leakage from 
the cabin, a problem which a crew- 
man in a full-pressure suit could 
handle with patching. “The posi- 
bility of intense heat, light, and 
blast accompanying such a penetra- 
tion now suggests an unsuspected 
danger,” reports Dr. Gell. The av- 
erage space ship is likely to have 
an outer skin U.l-in. thick, and 
tests show that even if only the 
outer skin is penetrated the va- 
porific effect occurs. An explosion 
between layers could carry into the 
cabin if measures aren’t taken. 
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LEWELLEN V/S TRANSMISSION 
VARIES SPEEDS AUTOMATICALLY 
CONTROLS TENSION PRECISELY 


This Dusenbery Model 815 Slitter-Rewinder 
incorporates the LEWELLEN V/S Transmis- 
sion to drive the rewind mandrels. Mandrel 
speeds slow automatically as the rewind rolls fill. 


The Dusenbery Slitter-Rewinder processes fine 
caliper polymer films at speeds to 1500 f.p.m. 
Precise tension control is essential. 

Variable speeds at the LEWELLEN are so 
finely adjustable and precisely stable that con- 
trol is maintained continuously. 

The Slitter-Rewinder stops for reloading. Dur- 
ing this interval the V/S Transmission resets— 
while not running—to the mandrel fast start- 
ing speed, 

If YOUR requirements are exacting, compare 
the features that the LEWELLEN V/S Trans- 
mission offers. 


Write for Catalog 65 


LEWELLEN 


Manufacturing Company, Columbus, indiana 


Distributors in all industrial Areas 
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before you start your designing... 
start planning with Briggs & Stratton 


NEW PRODUCT IDEAS in the works? A suggestion — 
when you start your power equipment design layouts, 
use the detailed Engine Specifications available from 
Briggs & Stratton. Also available is Briggs & Stratton’s 
Consulting Engineering Service with almost four dec- cof % 
ades of small engine power application experience. “f e* bein 
Write or phone Hugh S. Brown, Engineering Vice , ‘ 

President, Briggs & Stratton Corp., Milwaukee l, Marr. ¥ 
Wisconsin. (Phone LOcust 2-5000) | BRIGGS & STRATTON | 


GASOLINE ® 
ENGINES 


Circle 212 on Page 19 Most respected name in power 















@ Free catalogs, bulletins, literature 

@ Information about new parts, materials 
® Design data on advertised products 

@ Extra copies of editorial articles 
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HELPFUL LITERATURE 


Electrical, Electronic 


505 Low-Voltage Switchgear. 20 pp. I-T-E Circuit 
Breaker Co. 

507 roe Totalizers. 4 pp. Potter Aeronautical 
orp. 

508 ae Switches. 12 pp. R. B. Denison Mfg. 
0. 


511 Semiconductor Reliability. Semiconductor Div., 
Raytheon Co. 


520 Electromechanical Devices. 20 pp. Autotronics 
Inc. 


524 Photocathode Characteristics. ITT Federal Lab- 
oratories. 

525  --tepeaas Transducers. 4 pp. Trans-Sonics 
nc. 


526 oe indicating Systems. 6 pp. General Elec- 
ric Co. 


527 Fractional-Horsepower Motors. 4 pp. _ Industrial 
Motor Dept., Westinghouse Electric Corp. 

528 ee Inducers. 6 pp. Martin Engineering 
0. 


531 sane Heat Dissipators. 4 pp. U. S. Heat 
Ink, 


533 pene, Controllers. 4 pp. Thermo Electric 
0. Inc. 

571 Range Drives.* Application of Varidyne oc con 
trolled speed systems to range drives. Brochure 
F-2028, 6 pp. U. S. Electrical Motors Inc. 

572 Silicon Rectifiers.* Description of over 150 dif- 
ferent units. 6 pp. Semiconductor Div., Ray- 
theon Co. 

573 Thermometers and Gages.* Ten standard models 
in scale ranges from —150 to +1000F. Bul- 
_ 282, 4 pp. Controls Div., American-Stand- 
ard. 

574 Electric Motors.* Covers Y2 to 600-hp motors. 
Catalog BMC-914, 12 pp. Brook Motor Corp. 

575 Control Instruments.* Data on instruments for 
various control applications. 26 pp. Moore 
Products Co. 

576 Glass-Sealed Resistors.* RX and Hi-Meg units 
are described. Bulletin 3140-61, 4 pp. Victoreen 
Instrument Co. 

577 Control Switches.* Data on switches, flow me- 
ters, manometers, air-filter gages. 30 pp. 
Henry G. Dietz Co. Inc. 

578 Metal-Clad Switchgear.* Units range from 2.4 
to 13.8 kv; 75 to 1000 mva. Bulletin GEA- 
5664F, 42 pp. General Electric Co. 

579 Printed-Board Connectors.* Pos-E-Kon units for 
flat conductor cable and flexible etched cir- 
cuitry. Bulletin P2-39, 4 pp. Pos-E-Kon Div., 
Thomas & Betts Co. inc. 


Hydraulic, Pneumatic 


504 Pressure, Vacuum Gage. 32 pp. Helicoid Gage 
Div., American Chain & Cable Co. Inc. 


506 Process Pumps. 8 pp. Byron Jackson Pumps 
Inc. 


512 Gate, Globe, Check Valves. 16 pp. R-P & C 
Valve Div., American Chain & Cable Co. Inc. 


516 Solenoid Valve Selection. 16 pp. Valcor Engi- 
neering Corp. 
519 Chemical Pumps. 8 pp. Ingersoll-Rand Co. 
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521 Insulating Sleeving. 4 pp. L. Frank Markel & 
Sons 


529 Agitation-Equipment Drive. 8 pp. Pfaudler Co. 

530 Diaphragm Valves. 6 pp. Hills-McCanna Co. 

534 Lightweight Fittings. 8 pp. Harrison Mfg. Co. 

580 Liquid-Level-Gage Valves.* Union-Bonnet and 
screwed-bonnet types. Catalogs 397 and 398, 
8 pp. Jerguson Gage & Valve Co. 

581 Centrifugal Pumps.* Type GP close-coupled, end- 
suction pumps. Bulletin 117PKG, 4 pp. Aurora 
Pump Div., New York Air Brake Co. 

582 Hydraulic Products.* Describes miniaturized 
hydraulic pump, in 96 models, plus other 
products. Catalog 21, 76 pp. Oil-Dyne Inc. 

583 Plugs, Chip Detectors, Valves.* Where the 
units can be used, what they do. Catalog 
MPC-461, 26 pp. Lisle Corp. 

584 Rotating Seal.* Type 605 for use in 
umps, compressors, agitators, mixers. Bul- 
etin M102, 4 pp. Sealol Inc. 

585 Bellows, Bellows Assemblies.* Data on 
Formweld and Formflex units. Catalog 610, 
20 pp. Bridgeport Thermostat Div., Rober- 
shaw-Fulton Controls Co. 

586 Miniature Check Valves.* For use in fuel, 
hydraulic, and chemical systems. Catalog 
60B, 30 pp. Spartan Mfg. Co. 

587 Small Pumps.* With capacities to 50 gpm 
for pressures to 350 psig. Bulletin 150.4, 
4 pp. Moyno Pump Div., Robbins & Myers 
Inc. 

588 Plastic Protectors.* Threaded acetate-plastic 
units for male and female machine screws 
and pipe threads. Bulletin 6104-AP, 8 pp. 
S. S$. White Plastics Div. 

589 Pressure Snubbers.* Porous-metai snubbers 
for pressure-instrument protection. 4 pp. 
Chemiquip Co. 

590 Pump Drives.* Ratings, specifications, thrust 
copacities, speeds, selection charts. Brochure 
F 2, 20 pages. U. S. Electrical Motors 
Inc, 

Valves, Cylinders, Pumps.* Data on Tube-0- 
Matic control valve, plus other units. Bulle 
tin 91051, 6 pp. Airmatic Valve Inc. 
Variable-Displacement Pump.* WO-7 _high- 
pressure, piston-type pump. Catalog WO-7, 
4 pp. Hydraulic & Pneumatic Sales, Weather- 
head Co. 

Electric Valve.* Series B miniature valve 
with 1-in. diameter. Bulletin D15.1.1, 4 pp. 
Skinner Electric Valve Div., Skinner Precision 
Industries Inc. 
Sight-Flow Indicator.* 
has no blind threads. 
Brooks Instrument Co. 


Brooksight indicator 
Bulletin 820, 4 pp. 


Mechanical Equipment 


509 Shaft Key. 4 pp. Sure-Lok Co. 

515 Differentials and Gears. 4 pp. Instru-Lec Corp. 

523 Pillow Blocks. 4 pp. Link-Belt Co. 

595 Drive Tensioner.* Hi-Q tensioner can be floor, 
wall, or shaft-mounted. Catalog TR-1, 4 pp. 
Maurey Mfg. Corp. 


596 Shear Pin Sprockets.* Protect equipment 
against destructive overload. Bulletin 6119P, 
8 pp. Chain Belt Co., Milwaukee 1, Wis. 


Starred items are from June 22 issue. 


597 Antifriction Bearing Screw.* Roton unit con- 
verts rotary force into linear force, motion. 
About 22 pp. Anderson Co. 

598 Power-Transmission Templates.* Permits selec- 
of the correct unit for the application. 
Crown Gear Co. 

599 Self-Lubricated Bearings.* Lube-Align bearings 
have bronze bearing in aluminum housing. 
8 pp. Bronze Bearings inc. 

600 Sleeve Bearings.* Two new types of self- 
aligning, self-lubricating sleeve bearings. Folder 
2823, 6 pp. Link-Belt Co. 

601 Roller Chain.* With Delrin top plates. Bul- 
letin 9, 4 pp. Acme Chain Corp. 


Assembly Components 


502 Medium-Duty Casters. 4 pp. Payson-Harris & 
Reed Inc. 

518 Wire Markers. 2 pp. Stahlin Brothers Inc. 

602 Lock-Washer Selection.* Describes correct 
washer for various applications. Booklet 
AS-105, 12 pp. Shakeproof Div., Illinois Tool 
Works. 

603 Self-Threading Nuts.* 
dimensional data, 585A, Pp. 
nut Co., Div., United-Corr Fastener 

604 Wire Markers.* £-Z-Code morkers are self- 
laminating. Booklet SL4-3, 4 pp. Westline 
Products Div., Western Lithograph Co. 

605 Multipurpose Fastener.* Nylatch con be 
used in metal, wood, synthetics. 8 pp. 
Hartwell Corp. 

606 Miniature Stake Nuts.* Floating and non- 
floating units provide high holding power. 
6 pp. Kaylock Div., Kaynar Mfg. Co., Inc. 

607 Nuts and Bolts.* Stover lock nut, other 
nuts and bolts covered. Bulletin 953, 8 pp. 
Lamson & Sessions Co, 

608 Screw-Lock Inserts.* Incorporate a _grip-coil 
to prevent loosening. Bulletin 738-C, 8 pp. 
Heli-Coil Corp. 


Manufacturing Processes, Parts 


510 Hot-Dip Galvanized Products. 32 pp. American 
Hot-Dip Galvanizers Association Inc. 

513 Stainless Machining Chart. 2 pp. Peter A. 
Frasse & Co. 


Materials 


501 ne Adhesive. 4 pp. Schenectady Varnish 
0. Inc. 

503 Industrial Felts. 16 pp. Continental Felt Co. 

522 Properties of Cast Irons. 6 pp. Hamilton 
Foundry Inc. 

699 Designing with Titanium.* Potentials of 
sintered titanium in modern design. Bulletin 
100, 4 pp. Mechanical Research Div., Clevite 
Corp. 

610 Patterned Steel.” 


Sharonart surface-rolled 
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patterns in stainless, carbon, coated steels. 
20 pp. Sharon Steel Corp. 

611 ABS Th lastic Resin.* Cycolac woo 
in 11 formulations. Form 10240, 8 pp. Mar- 
bon Chemical Div., Borg-Warner on 

612 Belting Fabric.* Avisco XL rayon for con 
veyor ond transmission belting fabrics. 12 pp. 

rican Viscose Corp. 


Engineering Dept. Equipment 


514 Seif-Sticking Tapes. 26 pp. ACS Tapes inc. 
517 Decimal Equivalent Chart. Ohio Seamless Tube 


—NEW PARTS,. MATERIALS; 


Electrical, Electronic 


543 Synchronous moter is two-pole unit of open- 
end ventilated type. General Electric Co. 

544 Thin switch has only one stressed metal part. 
Arco Div., Robertshaw-Fulton Controls Co. 
Synchronous motor has ‘-shaped variable-pole 
arm to assure starting. Lake City Inc. 
Semiconductor photocell has light-trigger level 
of 89 ft-c. Solid State Products Inc. 
Miniature indicator lights consist of replace- 
able lamp cartridge and mating lamp holder. 
Industrial Devices inc. 

Miniature mechanisms for airborne instruments 
resist vibration and shock. International in- 
struments inc. 

Control units ore suitable for use with NEMA 
7 of 9 pushbutton stations. Gemco Electric Co. 


Hydraulic, Pneumatic 


539 Miniature check valve handles pressures to 
20,000 ig ond temperatures to 1800F. 
Marotta Valve Corp. 

545 Top-entry ball valves have one-piece body 
design. Strong. 

554 Solenoid valves have diam of 1 in. and weigh 
5 oz. Skinner Electric Valve Div., Skinner 
Precision industries inc. 

559 Dry-film lubricant has temperature range of 
—300 to +1200F. Alpha-Molykote Corp. 

560 Relief velve is rated at 10 gpm with relieving 
pressure to 2000 psi. Kepner Products Co. 

564 Solenoid valves ore automatic, 


pockless, 
normally closed units. J. D. Gould Co. 


ENGINEERING EQUIPMENT 


Div., Copperweld Steel Co. 

532 Temperature Recording. 12 pp. Brush Instru- 
nents Div., Clevite Corp. 

613 Rotation-Analyzing System.* Rotan system— 
angle-encoding transducer and _ rotational 
ome. Bulletin A-2049, 4 pp. Tectronix 
nc. 

614 Electronic Tuning Set.* Describes four ap- 
lications using digital time signals. 18 pp. 
allicrafters Co. 

615 Recorder-Reproducer.* GL-2510 unit rotes 
at tape speeds of 1-7/8 to 60 ips. Bulletin 
: 10, 4 pp. Consolidated Electrodynamics 
orp. 





Cirele the item number for 
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Mechanical Equipment 


537 Dual-speed drive provides positional accuracy 
of 12 min of arc. Mechanical Products Div., 
Technology Instrument Corp. of Acton. 

538 Pinions, precision gears in more than 1000 
sizes and varieties. Hiram Jones Electronics. 
542 Speed reducer transmits up to 0.95 hp at 
output speed of 85 rpm. Dodge Mfg. Corp. 
546 Screw assembly incorporates spring-pin pre- 
loading. Saginaw Steering Gear Div., General 

Motors Corp. 

556 Packaged chain, sprockets for small-space 
uses. Diamond Chain Co. 

561 Flexible gear coupling operates at speeds to 
5000 rpm. Flexible Coupling Div., Sier-Bath 
Gear & Pump Co. Inc. 


Assembly Components 


541 Coil comes in over 800 new sizes. Associated 
Spring Corp. 

547 Vibration-damping devices reduce resonant am- 
litudes of vibrating structures. Barry Controls 
iv., Barry Wright Corp. 

549 pp nut in No. 8-32 and 10-32 sizes. Shur-Lok 
Corp. 

$51 Shaft collar transmits torque and/or thrust 
loads without keyways. Kolock Products Co. 

555 Lock nut for applications aoe severe 
vibration. MacLean-Fogg Lock Nut Co. 

557 Plastic cable strap mounts in blind hole. 
Budwig Mfg. Co. 


Descriptions start on Page 180. 


Materials 


535 Optical lenses of fiat plastic give high per- 
formance. Stocker & Yale Inc. 

536 Epoxy pellets can be made in any shape. 
epoxy roducts Inc., Div., Juseph Waldman & 

ns 

540 Spray adhesive is sprayoble at pressures of 
5 psi. Anchor Adhesives Corp. 

548 Printed-circuit laminate hos high tensile and 
impact strength. Cimastra Div., Cincinnati 
Milling Machine Co. 

563 Flexible adhesive bonds grill cloth to wood, 
plastic, or metal. Anchor Adhesives Corp. 


Engineering Dept. Equipment 


565 Solid-state strain gages have high output and 
resolution. Kulite-Bytrex Corp. 

566 Pencils and leads for use on drafting film. 
Richard Best Pencil Co. Inc. 

567 X-Y recorders draw curves qa from 
de electrical information. F. L. Moseley Co. 
568 Cryogenic sensors measure ang iy = 
low as ~~ 269 C. Primary — aS 





Honeywell 

569 Magnetic tape recorder hos $| = of 1.675, 
3.75, 7.5, and 15 ips. Aero Data Corp., Div., 
American Concertone inc. 

570 Pressure transducers measure high or low 
pressures at 600F. Stathom Instruments Inc. 





EDITORIAL ARTICLES 


Single copies of the following articles are 
available as long as the supply lasts. 
Starred items are from previous issues. 
See Page 201 for other available reprints. 
Editorial content of Macuine Desicn 
is indexed in the Applied Science Tech- 
nology Index and the Engineering Index, 
both available in libraries. Microfilm 
copies are available from University Mi- 
crofilms, 313 N. First St. Ann Arbor, 
Mich. 


14-1 Zeus: The Missile Killer. its high price tag 
has clouded the future of Americo’s most 
successful! missile-hunting missile. (3 pp.) 

14-2 Technical Specifications. A guide to effective 
administration and control of technical in- 
formation. (6 pp.) 

New Roller-Chain Horsepower Ratings. Getting 
the most out of the new horsepower and 
speed ratings proposed by chain manufac- 
turers. (4 pp.) 

Preventing Electronic Hot Spots. Component 
loyout and assembly techniques. (4 pp. 


Flexible-Beam Suspensions—Part 1. How to 
design a suspension with safe vibration char- 
acteristics. (9 pp.) 

Matching Servovalve and Load. Principles of 
single-stage pervovetvets analysis of four- 
way servovalve controlling load cylinder; 
tronsfer functions. (6 pp.) 

Prevent Fatigue Failures—Part 6. How to 
relate multiaxial fatigue stresses to a single 
allowable fatigue stress. (5 pp.) 

Stepped Shafts and ~wta Beams (Data 
Sheet). Predicting deflections at any point in 
a stepped shaft or variable-section beam. (6 
pp.) 

Glasses and Ceramics (Abstract). A design 
guide to the properties, applications 
advantages of glasses and ceramics. (3 pp.) 
How To Sell tdeas.* Presenting ideas to 
—- what sales resistance to expect. 
(5 pp. 

High-Pressure Hydraulics.* Design, safety, cost 
foctors involved in designing or specifying a 
high-pressure hydraulic system. (7 pp.) 
Reverted Gear Trains.* Determining the num- 
ber of teeth needed to get exact ratios in 
a reverted gear train. (4 pp.) 

Four-Bar Mechanisms.* How to select dimen- 
sions for best force conditions by using 
optimum transmission angle. (4 pp.) 
Clearance in Rolling Bearings.* Calculation of 


probable beoring life for any amount of 

diometral clearance or preload. (5 pp.) 

oP aye Systems.* Advantages and limitations 
—_— devices; use and applications. (6 


alll quares Lines.* Techniques for assessing 
the statistical significance of a line drawn 
a a series of scattered data points. (8 
pp.. 

Measuring the Engineer.* Newest methods of 
aptitude appraisal; procedure for doing the 
job efficiently. (6 pp.) 

Seals for Hard Vacuums.°* ag concepts; 
study a on materials for hard-vacuum, 
reusable seals. (6 pp.) 

Push-Pull Controls.* Available types, selection 
factors, and design practices. (8 pp.) 
Hydraulic-System Temperatures.* Simplified 
procedure to avoid trial-and-error calculations 
in predicting maximum temperatures. (4 pp.) 
Chemically Milled Structures.* Advantages and 
disadvantages of chemical milling; design of 
chemically milled parts. (9 pp.) 
High-Reduction Hypoids.* Types and applica- 
tions; design of sets for ratios from 10:1 to 
120:1. (9 pp.) 

Pressure Regulators.® Basic principles and 
types; selection and application. (5 pp.) 
Elastic-Body Mechanics.* New principles in 
using elastic properties of materials to solve 
design problems. (7 pp.) 


Macuine Desicn 





MACHINE DESIGN Jely 6, 1961 De not use this card after Sept. 6, 1961 

CARD 
mvatip | 
cue COMPANY PRODUCT MANUFACTURED 
NAME 


TYPE 
OR PRINT 4 a] 426 578 601 801 
203 


TITLE 








ADDRESS 





802 
803 
804 





MACHINE DESIGN July 6, 1961 Do not use this card after 


NAME 





CARD 

INVALID 

WITHOUT COMPANY PRODUCT MANUFACTURED 
COMPANY 


NAME 
TYPE 
OR PRINT 





ADDRESS 











11-2 
11-8 
10-4 


MACHINE Do not use 


CARD NAME 
INVALID 
WITHOUT COMPANY PRODUCT MANUFACTURED 
COMPANY 
NAME ' appress 


TYPE | 201 
OR PRINT | 302 
204 




















BUSINESS REPLY MAIL 


No Postage Stemp WMesessary if Mailed in the United States 











—POSTAGE WILL BE PAID BY— 


MACHINE DESIGN 
Penton Building 
Cleveland 13, Ohio 


Reader's Service Dept. 





BUSINESS REPLY MAIL 


No Postage Stomp Necessary if Mailed in the United States 











—POSTAGE WILL BE PAID BY— 


MACHINE DESIGN 
Penton Building 
Cleveland 13, Ohio 





BUSINESS REPLY MAIL 


No Postage Stamp Necessary if Mailed in the United States 











—POSTAGE WILL BE PAID BY— 


MACHINE DESIGN 
Penton Building 
Cleveland 13, Ohio 








FIRST CLASS 
Permi? No. 36 
CLEVELAND, OHIO 














FIRST CLASS 
Permit No. 36 
CLEVELAND, OHIO 














FIRST CLASS 
Permit No. 36 
CLEVELAND, OHIO 











S cciniandaecael 
$ 


| 











WORLD'S.Ch 




















| 


: 


P_ precision balf bes 





165” diamet 
and built by K 




















YW Reali- ection bear- 
) \ings with 4” to 40° bore de- 
N ned made by Kay: * 

™~ 


iL 














WORLD’S 





THINNEST 


large bore Reali-Slim 
y bearings only %” 
\\ thick designed and / 

Kmade by Kaydon. 























Our specialty... solving the world’s 
toughest bearing problems 


When stock bearings ‘“twon’t do”... 
KAYDON special bearings “will” 
Standard bearings often aren’t ade- 
quate when you run up against a 
combination of limitations involving 
bearing capacity, size, weight, con- 
figuration, material and price. 

Solve these problems with Kaydon 
special bearings—specifically de- 
signed and precision-manufactured 
to do extraordinary jobs. 


Kaydon special bearings offer you 
wide opportunities for compact de- 
sign that may reduce the size of the 
equipment you need — providing 
substantial savings. 

Kaydon builds your special bear- 
ings with close-tolerance precision, 
exceptional thrust or radial capacity 
... out of special metals or materials. 

Don’t penalize performance, or 
rule out new concepts in design, with 


stock bearings that “won’t do.” Call 
on Kaydon’s long experience in de- 
sign of special bearings that will 
solve your toughest problem. 


Available! Reali-Slim type “CP” bear- 
ings off-the-shelf in 90 sizes with Con- 
rad deep-groove, bali-radial construction 
.-.and new one-piece snapover bronze 
separator in 4” to 12” bore — 4” to 
1” width and cross section. 
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re WREDITN ssininenssias 


“MUSKEGON, MICHIGAN 


All types of ball and roller bearings — 4” inside diameter to 178” outside diameter . 
Roller Thrust ¢ Roller Radial « Needle Roller * Ball Radial * Ball Thrust « Four-Point Contact Bearings 
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. . Taper Roller 


World’s highest capacity, 
lowest cost needle bear- 
ings (22 sizes available). ” 











English-Language Instructions Guide Machine Tool 


With a new IBM programming system, a user of numerically controlled 
machine tools need only describe the surface of the part he wants— 
it isn’t necessary to spell out tool paths for each operation. A com- 
puter controlled by Autopromt (Automatic Programming of Machine 
Tools) will do this when it is fed information on the part (e.g., sphere, 
saddle, etc.), tool sizes, tolerances, and machining methods. The system’s 
vocabulary is 110 English words, such as angle, axis point, cone, cylinder, 
and hyperbolic paraboloid. The part shown at left was formed by 8000 
tool motions, generated by 180 one-line statements to a computer. 


DAY-TO-DAY MANPOWER REQUIREMENTS 
of the Strategic Air Command will be made 
known and assignments given by a computer 
system developed by National Cash Register 
Co. Every 24 hours SAC will receive a report 


A MOLECULAR COMPUTER for spacecraft is 
under development at the air arm division of 
Westinghouse Electric Corp. Called Mol-E-Com, 
the device will utilize molecular electronics to 
save weight and space. A solid semiconductor 


crystal will perform the functions of tubes, tran- 
sistors, and resistors. A conventional transistor- 
ized computer weighs 175 Ib; Mol-E-Com will 
weigh only 15 Ib and is expected to be highly 
reliable because of its small number of parts. 


on manpower needs throughout the world. The 
computer will search files of 200,000 personnel, 
consider facts about every individual, and select 
the best one for a certain job. It will also project 
requirements six months in advance. 


materials 


Upgraded Graphite Alloys 


A new method of combining, or wetting, graphite with metal will im- 
part greatly improved mechanical and electrical properties to the com- 
bination. Graphite’s usual brittleness is greatly reduced in some com- 
positions and eliminated in others. Iron, nickel, copper, silver, cobalt, 
and alloys of these materials can be used in combinations varying 
from 90 to 10 per cent graphite. Ford Motor Co. developed the process, 
and Dixon Sintaloy Inc. has the exclusive license to produce the mate- 
rials for sale in the U. S. 


Ceramic-Metal Coating Graduates from the Lab 


Introduced last fall as a “laboratory development,” a family of tempera- 
ture resistant ceramic-metal composites is now available on a limited 
production basis. The material is Nucerite, a combination of ceramic 
and metal crystals physically and chemically bonded to any of a variety 
of structural substrate metals. It resists corrosive attack in the 500 
to 1500-F range and also possesses mechanical strength, thermal shock 
resistance, abrasion and erosion resistance, heat conductance, and high 
temperature stability, according to its developer, the Pfaudler Co. 


5000-PSI BOND TO ALUMINUM is provided 
by an epoxy adhesive, Conap 1222, developed by 
Conap Inc., Allegany, N. Y. Other advantages 


MODIFIED SAFETY GLASS for windshields 
has been approved by the British Standards In- 
stitution. Reason for changing the standard is 


that laminated glass designed to fracture into 
very small pieces can “frost,” dangerously reduc- 
ing visibility. British automakers may now use 
glass with a “somewhat less toughened” section 
in front of the driver. 


listed for the new adhesive are exceptional adhe- 
sion to steel, copper, glass, and porcelain; tough- 
ness; and excellent ductility. It will retain 
adhesion at temperatures from —65 to 225F 
and withstand 30 days’ immersion in water. 
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aero/space 
Air Force Imports Extraterrestrial Dust 


To obtain dust from outside the earth’s atmosphere, the Air Force sent 
up an Aerobee-Hi sounding rocket with a special nose cone designed 
by Aerojet-General Corp. to act as a space vacuum cleaner. At an 
altitude of 40 miles, leaves holding tiny boxes extended to trap dust 
particles. The rocket rose to 105 miles; when it dropped back, the 
leaves retracted before the nose cone separated and was recovered. 
Air Force scientists hope to learn the characteristics of space dust 
that distinguish it from the earthly variety and establish a means for 
observing it from ground stations. 


Progress on Apollo 


NASA has invited four companies to submit detailed proposals on design, 
development, and production of the Saturn S-II stage. This will be the 
second stage of the advanced Saturn and—with its thrust of 800,000 Ib 
—will be able to lift the three-man Apollo spacecraft to escape velocity. 
Target date for the first flight is late 1964 or early 1965. The four 
companies are Aerojet-General Corp., Douglas Aircraft Corp., General 
Dynamics-Astronautics Div., and North American Aviation Inc. 


engineering / personal 


MANAGEMENT ‘TRAINING for engineers is 
advocated by Sir Frank Whittle, England’s 
famed jet engine designer. In a recent interview, 
Sir Frank also said that people are beginning 
to realize that best results will be obtained if 
“someone at the head of affairs has engineering 
knowledge. . . . After all, you can’t put things 
right unless you come to a correct conclusion 
about what causes them to go wrong.” 


ACCELERATED RECRUITING by the Na- 
tional Aeronautics and Space Administration 
anticipates manpower requirements of an ex- 
panded space exploration program, also is aimed 
at filling existing vacancies. Recruiting teams 
at NASA field centers will interview recent 
college graduates as well as experienced engi- 
neers and scientists. Last year, NASA interviewed 
nearly 3000 persons at 100 colleges. 


products / processes 


Mold-Making Method Cuts Precision Castings Cost 


A development in mold making that permits mass production of pre- 
cision metal castings at low cost is announced by the Shaw Process 
Div. of Avnet Electronics Corp. The Shaw process was converted from 
a “specialty” casting method by a composite mold (sample, right) con- 
sisting of a low-cost sand backing with a special ceramic facing, both 
reclaimable. Previously a solid ceramic mold was used. Also, “bakeout” 
has been reduced from four or five hours to a matter of minutes. 
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WEIGHT REDUCTION in cast-iron engine 
components results from a new precision mold- 
ing technique announced by the Engine and 
Foundry Div. of Ford Motor Co. Improved 
resin bonding for cores and faster core curing 
permit closer control of wall thickness. The 
technique is being used for Falcon and Comet 
engines, will also be used on 1962 Fords. 


POWDER METALLURGY PROCESS for Zirca- 
loy 2 provides finished or semifinished shapes 
which require only light machining. Even spe- 
cial shapes can be held to close tolerances, says 
General Electric Co. in announcing the new 
process. Zircaloy 2 is a zirconium-base alloy 
with a number of properties that make it suit- 
able for the nuclear industry. 
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Nike Zeus: Uncertain Fate of a 


Missile Killer 


IKE Zeus, the only antimissile 
weapon known to be under ac- 
tive development, is in a state of 
suspended animation. . . its fate is 
being debated in Congress, among 
military leaders, and in industry. 
These are the factors that make 
Zeus controversial: 
@ Many authorities in the rela- 
tively new field of missiie defense 
don’t think a terminal defensive 
weapon, based on antiaircraft tech- 
niques, will be highly effective 
against an 18,000-mph target. The 
argument goes on that there “must 
be a better way.” 
e Expensive, by any standards, 
Zeus will cost somewhere between 
$8 and $15 billion fully installed 
in the U. S. The $8 billion figure 
is the latest estimate, based on re- 
cent “cost breakthroughs.” 
On the postive side: 
e Zeus is not a brand new, untried 
weapon, but is a product of orderly 
evolution, its predecessors being 


Least complicated system in the 
Nike Zeus program is probably 
the missile itself. Solid-fuel pow- 
ered, the vehicle is about 50 ft 
long, weighs 20,000 Ib at lift off. 
It has three stages: Booster, sus- 
tainer, and jethead (third stage). 
Third-stage engine is used pri- 
marily for maneuverability, not 
for velocity increase. 


Four advanced radar systems are 
incorporated in Zeus. Acquisi- 
tion radar, capable of scanning 
millions of cubic miles of space, 
performs initial detection of in- 
coming warheads. Target-track 
radar then takes over and pro- 
vides extremely accurate data 
on tiny targets hundreds of miles 
away. Discrimination radar 
separates decoys from real war- 
heads, and missile-track radar 
guides Zeus to the target. 
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Nike Hercules and Nike Ajax. The 
same industry team has worked 
on all three projects. 

¢ In no other missile project has 
confidence of success been at a 
higher level. Despite the enormous 
complexities of the weapon and its 
support equipment, people connected 
with Zeus will say, with absolutely 
no hedging, that it will shoot down 
ICBM warheads like fish in a bar- 
rel. 

The Army, which is responsible 
for Zeus, continues to spend huge 
sums of money on the weapon and 
has nursed it to a state of develop- 
ment where full-scale production 
could begin almost immediately if 
the word were given. Lt. Gen. 
Arthur Trudea, chief of Army 
R & D, has answered critics of the 
Zeus program with this statement: 
“If we want a missile defense sys- 
tem in this decade, Zeus is the only 
answer known to the Free World. 


I would like to hit enemy ICBM’s 


Circle 14-1 on Page 19 for extra copy. 


on the launching pad. Id like to 
hit them as they come out the 
factory door. But today, Zeus is 
the only practical answer.” 

The Zeus debate will either cool 
off completely or get considerably 
hotter early next year when ef- 
fectiveness of the weapon will be 
thoroughly proved. Nike Zeus mis- 
siles based on Kwajalein Island in 
the Pacific, will be pitted against 
Atlas ICBM warheads fired 5000 
mi across the ocean from Vanden- 
berg Air Base, Calif. Character- 
istically, the program is an expensive 
one. Eighteen Atlas missiles are 
reportedly on order for the tests, 
and General Electric Co. recently re- 
ceived a $10 million contract to 
build 47 target warheads of various 
configurations (decoys, multiple 
warheads, etc.) for both Atlas and 
Titan missiles to test the perform- 
ance of our only antimissile missile. 

Detection and destruction—the 
basic elements in an ICBM defense 





NIKE ZEUS 





—are provided for in Nike Zeus by 
the most advanced radar systems in 
the world which guide the solid- 
fuel Zeus to the kill. Tremendous 
design and fabrication problems, 
mechanical as well as electronic, 
have been solved in the radar-de- 
velopment program. A typical elec- 
tronic problem: The radar must be 
able to discriminate between armed 
warheads and decoys. A typical 
mechanical problem: Support bear- 
ing for the 100-ton acquisition 
radar receiver antenna is 30 ft in 
diameter, yet has an accuracy tol- 
erance of 0.005 in. 

Design of computers for Zeus 
also strained the state of the art. 
Time element between acquisition 
of a target and intercept has been 
estimated at about 3 min. Within 
this time, the computer collects and 
processes information from four 
radar systems to define the target 
and its trajectory and launch and 
guide the antimissile missile to its 
kill. The computer must be able 
to provide track information on a 
large number of targets simultane- 
ously and make the decision for 
single or salvo firings. 

Zeus, itself, is relatively straight- 
forward in design. Being a ter- 
minal defense weapon, it was built 
for speed rather than range (which 
is probably no more than 100 mi). 
Its booster engine, rated at 450,000 
Ib thrust, is the largest single-grain, 
solid-propellant engine in _ the 
world. Booster burning time is 
only 5 seconds—a sort of extended 
explosion—which gives the missile 
tremendous acceleration. Entire ex- 
terior surface of Zeus is covered 
with plastic ablative material to 
prevent its melting down in the at- 
mosphere. 

Armed with a nuclear warhead, 
Zeus would not have to make a pre- 
cise intercept. Conservative guesses 
put the effective miss distance at 
one mile to immobilize an ICBM 
nuclear warhead. 

Prime contractor for Zeus is 
Western Electric Co.; major sub- 
contractors include Douglas Air- 
craft Co. (complete missile and re- 
lated equipment) and Bell Tele- 
phone Laboratories (system de- 
sign). Goodyear Aircraft Corp. de- 
signed several of the largest radar 
components, including the acquisi- 
tion transmitter and receiving an- 
tennas. 
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Extreme power output of Zeus 
quisition radar dictated use of 
separate transmitting and receiv- 
ing antennas. Triangular transmit- 
ting unit (above) consists of three 
80-ft long arrays. Mounted atop 
a huge half-buried transmitter, it 
rotates 360 degrees in azimuth. 
Receiving antenna (right, below) is 
an 80-ft diameter solid hemisphere 
made of plastic foam impregnated 
with precisely aligned slivers of 
metal. It performs much like an 
optical lens, focusing the returned 
radar pulses on multiple receiver 
horns. Forty-two boxcar loads of 
plastic, fabricated into 18-in. cubes, 
were required for construction of 
the receiver hemisphere. 
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The familiar Nik-O-Lok coin-operated lock for toilet enclosures (in about two-thirds actual 
size cutaway above, and complete below left), made by the Nik-O-Lok Co., Indianapolis, has 
eight parts cut from Anaconda extruded shapes. The Anaconda die-pressed forging (top, 
left) replaced a casting—doubled case guard life, cut machining and materia! cost 50%. 


How parts sliced from long lengths of “premachined” 
brass shapes cut costs. It starts in design. You select cross sections 


which minimize subsequent machining—and scrap. The only limitation is that grooves, 
slots, etc., must parallel the axis of the extruded bar. The smooth surface of extruded 
shapes reduces many finishing operations. And high dimensional accuracy simplifies 
assembly. In addition, you get superior, long-wearing parts that improve the quality 
of your product, because of the strong, homogeneous wrought-metal structure of 
extruded shapes. For imaginative and practical help in adapting extruded shapes to 
the economical production of intricate parts, see your Anaconda representative. Or write: Anaconda 


American Brass Company, Waterbury 20, Connecticut. In Canada: A ; & 
Anaconda American Brass Ltd., New Toronto, Ontario. 14s N A C O N D 


July 6, 1961 Circle 214 on Page 19 27 





ENGINEERING NEWS 


Driven by a punched-card reader (background, left), the X-Y 
plotter automatically draws the switchgear panel laid out 
by the computer. The drawing is produced larger than the 
82 x 11-in. size in order to take advantage of all the 
print-out stations available. After the plotter has finished 


its work, the drawing goes to the reproduction dept. where 
it is photographed and reduced to the proper size (right). 
Conventional margins, title blocks, column headings, etc. are 
added by placing a transparent overlay containing this in- 
formation over the drawing prior to photographing it. 


Automatic Draftsman Thrives on Routine 


Card-Controlled X-Y Plotter 


Streamlines Switchgear Layout 


p> Purchasing 








Computer » Control Pogroms 








Engineering x-Y 
> Dept Plotter 


- 
































»Shop 


When the shop order is received, the engineers organize 
design requirements in terms of system parameters, assem- 
bly information, and unit description. This data, on 
punched cards, becomes the input to the computer, which 
selects components and determines how they will be ar- 
ranged: Computer output, on punched cards, is routed to 
the purchasing and ordering dept., to inventory-control, 
and to the plotter. After the plotter prepares the draw- 
ings and the reproduction dept. reduces them to the proper 
size, prints go back to the engineers who add new or un- 
programmed information. After this final step, the draw- 
ings go to the shop. 
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East PirrspurcH, Pa.—Drafting assignments are given 
to a computer at the Assembled Switchgear and Devices 
Dept., Westinghouse Electric Corp., and the computer 
instructs an X-Y plotter on how to make the drawings. 
Designed to free draftsmen from routine tasks, the sys- 
tem determines the optimum arrangement of compo- 
nents on a panel and draws up the answer. 

The computer applies logical analysis to a consider- 
able degree in designing equipment tailored to the cus- 
tomer’s needs. Its job is to locate parts to suit the situa- 
tion. Since the parts are invariably dictated by the 
application, there is little creative effort involved. The 
ultimate collection and arrangement of components 
may be unique, but it is always predictable, according 
to Herman B. Wortman, Westinghouse advisory engi- 
neer who set up the program. 

When an order for switchgear comes in, the engi- 
neering dept. breaks it down into fundamental param- 
eters of voltage and current rating, etc. Switchgear de- 
sign basically involves an assembly of stocked compo- 
nents, and parts used are selected according to appli- 
cation and rating requirements. Thus, certain parts 
are unique to 1200-amp circuits, others are used only 
in 5-kv assemblies. 

First, the engineers check off the important param- 
eters for the particular application. Then, the check 
list (translated on punched cards into computer lan- 
guage) and information on the desired output are 
fed into the computer. From here on, the panel design 
is up to the computer. It searches its memory (a catalog 
of all the components that are available) for parts to be 
used and goes through the logic process to determine 
the correct positioning. Computer output becomes the 
input to the plotter which produces the drawings. 
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CON-VEL (rzeppa) CV Universal Joints 
Give Longer Life, Higher Torque Capacity! 


Bell-Type CV Joint (48” to 
2%” axle shaft diameters) ... 
designed for high-angle driv- 
ing steering axles used in road 
building machinery * mining 
machinery ¢ industrial ¢ 
automotive applications 


Aw 


Disc-Type CV Joint (from 2%” to 16% 
swing diameter) . . . designed for all types of 
industrial drive applications. Rzeppa Joints 
always transmit torque smoothly, even at 
unbalanced angles. Note constant velocity of 
100% for Rzeppa Joint. 





Con-Ver Division 


DANA CORPORATION 


Con-vel 3901 Christopher 
Detroit 11, Michigan 
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During rotation at a given angle, pin or 
slipper-type joints speed up, slow down twice 
during one revolution, as shown by the solid 
line in the graph. 


WRITE 

for your free copy of this 
new engineering data 
folder on the complete 
line of Rzeppa con- 
stant velocity joints. 





Antenna with a foam reflector 


is expected to find use in satellite communi- 
cation and radio and radar astronomy. The 
reflector is styrofoam joined with urethane 
foamed-in-place seams. Placed on a_ special, 
computer-controlled milling machine, it is 
shaped to the desired parabolic contour. The 
12 legs are long hydraulic cylinders. Changes 
in length of the legs—controlled by a servo- 
mechanism—move the reflector: through any 
angle of azimuth and elevation. The antenna 
was developed by Sylvania Electric Products 
Inc., a subsidiary of General Telephone & Elec- 
tronics Corp. Sylvania says it is less expensive, 
stronger, lighter weight, and easier to fabricate 
than conventional equipment. A 60-ft metal 
reflector weighs about 15 tons; one of the new 
design will weigh only 3 tons. 


Battery-powered lawnmower 


cuts for 144 hours on one charge, and the motor can be 
recharged overnight. Six 12-in. blades make about 70 cuts 
every 36 in. The mower’s transmission is controlled by a 
single lever; disengaging the drive permits free movement 
backwards and forwards. Weight of the machine is 104 lb. 
It is made by H. C. Webb & Co. Ltd., Birmingham, England. 


Mix-or-match roof sections 


for the new Presidential limousine offer 
a choice of a metal top; an all-plastic 
covering; a fabric top; no top at all; or 
a variety of combinations for rear, mid- 
dle, and front compartments. The car is 
a Lincoln Continental convertible which 
was cut in half, reinforced, and length- 
ened 41 in. The body was reinforced, 
drive-shaft components were redesigned 
and reinforced, and many heavy-duty 
chassis components were used. Powerplant 
is a standard Continental 430-cu in. en- 
gine. Over 21 ft long, the car has a 
wheelbase of 156 in., weighs 7822. Ib. 
The better to see the President, its back 
seat raises 10!/ in. 





30 MacuHINE DesicN 





Airlift for rockets 


is proposed to save travel time from 
builder to launch area. Piggybacking the 
Saturn second stage (S-IV) from Douglas 
Aircraft’s Sacramento, Calif. field station 
to Cape Canaveral would take about 10 
hours. Shipping it via the Panama 
Canal requires three weeks. Proposed 
rocket transport is the Douglas C-133 
cargo carrier, which would require minor 
modifications to the tail section for 
added directional stability. The rocket 
itself would have lightweight fairings at- 
tached to the front and rear to mini- 
mize drag. 
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PICTURE REPORT 
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Standard equipment 


on all production models, seat-belt anchors are 

3 built as integral parts of the body shell on British 

Compact memory drum Motor Corp. cars. Points of attachment for the 

diagonal-sash and lap belts are on the door pillar, 

the drive shaft tunnel, and the door sill. Mount- 

ing brackets are secured through the car body to 

reinforcing plates of '-in. tensile steel. B.M.C. 

is the first big British car manufacturer to offer 
built-in seat-belt fittings. 


stores 286,000 items of information in one-seventh the area of 
its predecessor (left). Packing density was increased from 80 
to 160 items per inch. Developed by Hughes Aircraft Co. for 
use in military mobile electronic defense systems, the new 
drum is made of stainless steel—which cuts cost by eliminating 
the copper and nickel cobalt plating required on the alumi- 
num model. It also claims greater reliability because of higher 
strength-to-weight ratio, corrosion resistance, high stability, and 
less expansion under heat than aluminum. 
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The largest hull 


ever molded of fiber-glass rein- 
forced plastic was made for the 
67-ft Maimelee. It weighs 14,500 
lb and was molded in one piece 
by Halmatic Ltd., Portsmouth, 
England. The Maimelee, de- 
signed by John G. Alden & Co., 
Boston naval architects, is the 
first of a series of 67-footers. 
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Infrared for interceptors 


will allow them to locate targets at low 
altitudes without being detected them- 
selves. Three supersonic jets—Convair’s F- 
106A (shown) and F-102A and McDon- 
nell’s F-101B—are being “upgraded” with 
the infrared search and track equipment. 
Each plane will receive one or more 
further modifications (redesigned radar 
antenna, counter-counter-measure capa- 
bilities, or a parametric amplifier which 
reduces radar interference) to increase its 
effectiveness against manned bombers. Air 
Force and Hughes Aircraft Co. are carry- 
ing out the jets’ modernization program. 


Putting on weightlessness 


introduces mealtime problems which are 
solved in the space kitchen designed for 
the Air Force by Whirlpool Corp. Getting 
the food out of cans and into a spaceman 
is done by removing caps at both ends 
of the can and installing a nipple at one 
































end and a ratchet-type force feeding de- 
vice at the other. Beverages, packaged in 
plastic tubes, are consumed by squeezing 
the contents into the diner’s mouth. After 
he has warmed his meat and vegetables 
in the oven (left), the astronaut straps 
himself onto a stool and eats off the 
vertical tray, to which cans, beverage tubes, 
and bread and butter are fastened (right). 
Food for a three-man crew on a 14-day 
mission can be stored and prepared in the 
10 by 7'4-ft kitchen. It contains freezer, 
refrigerator, oven, hot and cold water, 
and waste disposal systems. 
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Ardmore Products relies on Gates Hose for 
long, dependable service of hydraulic systems 


Gates Hydraulic Hose is standard 
equipment on hydraulic systems 
made by Ardmore Products, North- 
brook, Illinois. These systems are 
used on tank trucks for pumping 
petroleum products and for power 
drives for hose reels. 

The Ardmore Hydraulic Drive 
System is considered explosion- 
proof... is easy to install... and 
is virtually maintenance-free. All 
connections are made with Gates 
Hydraulic Hose. 

Mr. Edward J. Doyle, Jr., Ard- 
more General Manager, says, ““We 


use Gates hose to assure the de- 
pendability and quality of our 
product. Furthermore, Gates of- 
fers the best in service and in tech- 
nical assistance.” 


Ask for Gates technical aid in 
designing hydraulic systems. 


The Gates Fieldman located near 
you is a fully-qualified hydraulic 
hose expert. He can give you valu- 
able assistance in designing hy- 
draulic hose systems. Ask him for 
Gates Hydraulic Hose Assemblies 
booklet, 1H43. 


The Gates Rubber Company, Denver, Colorado 


GATES HIGH 
PRESSURE 
HYDRAULIC 
HOSE (54MB) 

Meets or exceeds SAE 
specifications. With- 
stands shock loads 
and heavy pulsating 
pressures. Reinforc- 
ing braid is flexible, 
high-tensile wire. Leak- 
proof coupling is per- 
manently attached. 


Gates Hydraulic Hose 
is quickly available 
anywhere from 


nearby stocks 


MuAroaulip 
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CLIMAX MOLYBDENUM COMPANY, a division of American Metal Climax, Inc., 1270 Avenue of th» Americas, New York 20, N.Y. 





RECENT TEST SHOWS MORE PROOF 
OF MoS,’s LOAD-CARRYING ABILITY 





New Teflon-MoS, Bearing 
Component Withstands 
Temperatures Up To 575°F 


A new precision ball bearing, which 
operates at temperatures up to 575°F 
and needs no conventional lubrica- 
tion, is now coming off the lines at 
the Barden Corporation’s plant in 
Danbury, Conn. Trade-named BAR- 
TEMP, the new bearing utilizes a 
ball retainer of reinforced Teflon 
compounded with “Moly” lubricant. 
Resistance to deformation is much 
higher than that of pure Teflon*. Also, 
the material serves as a dry lubricant. 
As the bearing rotates, microscopic 
amounts of Molysulfide rub off and 
are deposited on the raceways. Re- 
sult: long bearing life at temperatures 
where conventional lubricants fail. 

Successful applications include 
synchros, fans, motors, blowers, 
barometic pressure switches, tachom- 
eter generators, and other devices 
operating from 1,000 to 24,000 rpm, 
at temperatures ranging from —100°F 
to 575°F. 


*T.M. E. 1. du Pont de Nemours & Co., Inc. 


When writing, refer to CL-105 





“Moly” GIVES WIRE ROPE 
45% MORE BENDING LIFE 


That’s the forthright verdict of one of 
the leading wire rope manufacturers, 
which recently tested its MoSe-lub- 
ricated wire rope against four other 
leading brands. Fatigue tests and 
field tests demonstrated the rope’s 
ability to outlast other premium wire 
ropes in service. 

Used as an ingredient in wire draw- 
ing compound, Molysulfide creates a 
micro-shield around each wire. This 
smooths out minute surface imperfec- 
tions and prevents the wires from 
grinding together as the rope flexes. 
Result: reduction of internal friction 
—better resistance to fatigue—far 
longer rope life. 

When writing, refer to CL-106 
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From the German laboratory of Alpha Molykote Corporation comes 
new proof of Molysulfide’s® ability to resist galling and seizing at 
pressures beyond the yield point of most metals. Previous tests have 
shown that MoSe sustains loads up to 475,000 psi. In this 
Almen Wieland test, similar to the Falex test, a 14”’ pin actually 
extruded without any surface damage at pressures of 100,000 psi, while 
similar pins using other lubricants were torn, galled or “‘frozen’’ to 


the point of breakage. 
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it Poke 
The photo above shows mild steel 
pins used in Almen Wieland test. 
No. 1 is unused Control Pin. No. 2 
(lubricated with mineral oil and 
MoSz) and No. 3 (with MoS2 bonded 
coating) were elongated and extruded 
without weight loss. No. 4 shows 
typical failure with conventional lub- 
ricant. Note that the key sheared off 
and that pin and block were galled 
and seized. Surveys of many lab- 
oratories indicate that the extrusion 
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phenomenon exhibited by No. 2 an 
No. 3 pins has never been produced 
with any other conventional lubri- 
cant. 

As a result of Molysulfide’s unique 
pressure-sustaining ability, MoSe is 
widely used as a ‘“‘break-in”’ lubricant 
which prevents abrasion and seiz- 
ing, permits shorter “break-in”’ runs, 
and prevents bearing damage when 
boundary lubrication occurs. 

When writing, refer to CL-107 
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High-Frequency Ignition Betters Two-Cycle Performance 


BuckInGHaM, ENGLAND — Perform- 
ance of two-cycle engines is im- 
proved significantly by a new high- 
frequency ignition system designed 
specifically for two-stroke operation. 
One of the advantages claimed for 
the system: It reduces hard start- 
ing due to erratic fuel/oil mixture, 
one of the few remaining trouble 
areas in two-cycle performance. 
Known as the Magister system, the 
ignition was developed by Wipac 
Group Sales Ltd., Buckingham, 
England. 

Although condenser discharge, 
which the ignition uses, is not new, 
previous systems have usually 
proved to be too expensive, and most 
have required relatively costly sur- 
face-discharge type spark plugs. 


Feed Coil 


Basically, the Magister system 
differs from conventional magneto 
ignition in that the high-tension 
ignition coil is replaced by a feed 
coil. Ac power, induced from this 
in the conventional manner, is recti- 
fied to de which, in turn, charges 
a condenser. The charge is re- 


tained by the condenser until the 
contact breaker closes. At closure, 
the stored current is discharged 
through the ignition coil, which 
again uses primary and secondary 
windings, producing a high voltage 
for the spark plug. 

Producing the spark during the 
closing of the contact breaker is 
said to have distinct advantages. 
When the spark is produced at the 
time of point opening, the arc 
formed by the current exists over 
an extended period. Wien the con- 
tacts are closed at time of spark, 
the condenser discharge rate is of 
a much higher order; reduced arcing 
gives an increase in point life. 

With the conventional magneto, 
timing is of utmost importance. 
With the Magister discharge sys- 
tem, it is not so critical—the con- 
denser holds its charge until the 
contact breaker closes. While a 
recommended contact clearance is 
given, variations do not affect the 
magneto output. 

Experiments with a wide variety 
of engines show that the initial rate 
of burning achieved with the Mag- 


Jet Assist for the Foot Soldier 


Burrato, N. Y.—The minimum fly- 
ing machine developed by Bell Aero- 
systems Co. has completed its 30th 
successful flight with a perfect rec- 
ord. The unique man-rocket con- 
sists of a twin-jet propulsion system 
mounted on a figerglass corset which 
has been moulded to fit the back 
and hips of the operator. The op- 
erator slips his arms through padded 
lift rings, attached to the corset, and 
secures the unit with two quick-re- 
lease safety belts passing around his 
abdomen, 

Metal control tubes, attached to 
the lift rings, extend forward on 
each side of the operator. A con- 
trol stick on one tube permits the 
pilot to change his flight direction; 
a motorcycle-type hand throttle 
mounted on the other allows him to 
regulate thrust level for control of 
his rate of climb and descent. The 
device has proved so stable in flight 
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that pitch and roll are easily con- 
trolled by movements of the op- 
erator’s body. 

Fully throttleable, the Bell pro- 
pusion system uses hydrogen perox- 
ide for fuel. The H2Oz is forced un- 
der pressure into a gas generator 
where it contacts a catalyst and de 
composes into steam, Escape of the 
steam through two rocket nozzles 
provides thrust. Main thrust is di- 
rected toward the ground; jet deflec- 
tors provide the necessary thrust for 
yaw control, Position of the rocket 
nozzles and the low temperature of 
the steam exhaust eliminate the need 
for special protective garments to 
shield the operator. 


Human airframe for Bell's one man 
rocket is test engineer Harold M. 
Graham. During free-flight tests, Gra- 
ham has covered ground distances of 
300 ft and has soared to the top of 
30-ft high hills. 
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Cure for Hard Starts 
immune to Dirt, Water 


ister unit makes it necessary to re- 
tard the ignition by 3 to 4 degrees, 
indicating that the firing of the mix- 
ture in the combustion chamber is 
initially of a higher flame rate than 
with the conventional system. This 
retarding effect still provides op- 
timum power from the engine. 
Other tests designed to subject 
the engine to conditions of extreme 
misuse included throwing dust and 
oil between the contact-breaker 
points, pouring water over the spark 
plug, smearing the plug in sump 
oil and dirt, and inducing oil at 
the air intake. The engine started 
and continued firing in all tests. 


Four-Cycle Advantages 


While the advantages of the sys- 
tem are not so pronounced for four- 
stroke engines, tests have shown 
that it is possible to use varying 
grades of fuel on a standard four- 
stroke engine with no special ad- 
justment to the carburetor or to 
ignition timing. Changes of fuel, 
(e.g., gasoline, diesel, paraffin, etc.) 
can be made after only a very short 
warm-up with no power loss. 
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By beaming polarized light at rolling- 
element bearings and studying the 
colored fringe patterns that are re- 
flected, SKF researchers are develop- 
ing guide lines for better cage design. 
They are able to detect flaws in new 
designs, analyze how well current pro- 
duction gages are working, and pro- 
vide more suitable designs for specific 
applications. In addition to cage 
stresses, tangential forces between 
rollers and races can also be deter- 
mined accurately. 


Camera Spots Stresses in Roller-Bearing Cages 


PHILADELPHIA — When rotating 
under a load, rolling elements of a 
bearing set up stresses in the cage. 
Until recently, designers couldn’t 
effectively allow for the stresses be- 
cause there was no sure way to 
measure the forces involved. Now, 
however, a new photoelastic method 
solves the problem. 

The new method is the first to 
be successful in measuring forces on 
bearing separators, according to 
engineers at SKF Industries Inc. who 


Rocket Propellants Lubricate Bearings 


PHILADELPHIA — Rocket propellants 
can double as lubricants for rocket- 
engine turbopumps, delegates were 
told at the recent meeting of the 
American Society of Lubrication En- 
gineers. According to M. F, Butner 
and J. C. Rosenberg, of North 
American Aviation’s Rocketdyne 
Div., initial testing has shown that 
bearings can operate in the propel- 
lants if suitable cage material is used. 
The lightweight turbopumps are 
designed to operate at high speeds 
and high shaft-bearing loadings to 
deliver large quantities of fuel and 
oxidizer. Conventional lubricants 
will work, but they introduce two 
problems: 
© Cryogenic propellants such as 
liquid oxygen (—320F) and liquid 
hydrogen (—423 F) freeze the lubri- 
cants. Heaters are mandatory, but 
they increase weight, complexity, 
and power requirements. 
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developed the technique. It is ex- 
pected to provide data for increased 
cage strength and life, which in 
turn will allow greater bearing re- 
liability and longevity. SKF re- 
searchers are studying stress distribu- 
tion under given loads and how 
the distribution changes when cage 
shape is modified. 

The measuring technique requires 
coating the surface (or side) of the 
cage with a layer of birefringent 
plastic material. Held in place by 


© Most rocket propellants are not 
compatible with the lubricants, and 
mixtures of the two can be explosive. 
Complicated sealing arrangements 
are necessary to prevent contact of 
the two fluids. 

Material compatibility is the ma- 
jor problem when operating anti- 
friction bearings in liquid hydrogen, 
liquid oxygen, and nitrogen tetrox- 
ide. Soaking tests and subsequent 
operation proved 440-C steel best 
for use in these fuels, Corrosion-re- 
sistant bearing materials are re- 
quired with the cryogenic fuels to 
avoid rust caused by post-run con- 
densation on chilled surfaces. And 
if moisture content of nitrogen te- 
troxide exceeds 0.1 per cent, nitric 
acid forms that is strong enough to 
badly corrode conventional bearings. 

In all cases, testing indicated de- 
terioration of sliding surfaces of the 
cage is a more severe problem than 


a reflective adhesive, the plastic is 
illuminated by polarized light, which 
reflects back from the adhesive 
through a polaroid filter. Behind 
the filter, highly colored fringes are 
revealed that tip off the magnitudes 
of stress present in the cage. 

The photoelastic fringes are re- 
corded by a high speed camera (4000 
pictures per sec) that can include 
the entire bearing cage in its field 
of view. Each picture records stress 
at a particular instant. 


Cages Are Critical in 
Cold, Caustic Environment 


that of rolling contact between balls 
and races. Data showed that a non- 
metallic cage surface must be used. 
Glass-supported polytetrafluoroethy- 
lene and glass-filled PFTE were the 
best cage materials tested, although 
other plastics may also be suitable. 
The glass-supported PFTE is prob- 
ably the better of the two because of 
its greater strength. 

Tests in RP-1 indicate that this 
fuel is adequate as a lubricant for 
heavily loaded bearings. In short- 
life high-load operation, ball bear- 
ings lubricated with RP-1 performed 
like those that were oil lubricated. 
Since the fuel is a petroleum-type 
fluid, it does not present a serious 
material compatibility problem. 
However, use of a jet system to de- 
liver the lubricant is desirable be- 
cause submerged operation causes 
churning and heating of the high- 
viscosity fuel. 
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New Westinghouse BF relay 


shrinks machine control relay 
panel space 33° to /8% 
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General characteristics 
of the 
Westinghouse BF relay 


Dimensions 
Without base plate: 1} ais 
With base plate: l XS 


Operating time 

Pickup: 12.5 to 18.0 milliseconds 
Dropout: 6.25 to 12.5 milliseconds 
Relay can be operated manually 


to test circuits. 
t 


4 and 8 pole frames in any combi- 
aroha lelame)amave)aaarolinvae)el-1amr-nale| 
normally closed contacts with a 
aarp. alanlelanmelmr-cmalolaaat-linmelley-i-10 


Contact rating—6 amps, 300 volts 
AC. 60 amperes inrush. 


Relay can be mounted in any position 
ona vertical surface without chang: 
ing operational characteristics. 


The Westinghouse BF relay 
provides these features 


up to 78% less mounting space 
required 


front accessible 


can be butted without extra space 
for wiring i 


quick coil and contact changes 
when needed 


Pi ohWane) Ol-1a-henaloand=100) 9l-1e-h dela 


lower installed cost 


long service life 


magnet and armature have special- 
ly hardened pole faces 


shorter operating stroke 


lightweight operating parts 

silver alloy contacts have built-in 
wiping action for prolonged circuit 
oro] ananale nna’ 


How the new 
Westinghouse design 
assures reliability 
and durability 


EASILY WIRED 
1. All connections are wired from the front with 
pressure clamp terminals 


OUTSTANDING CIRCUIT CONTINUITY 
2. Proper contact wipe is built-in for long life 
of the silver alloy contacts and for positive 
circuit continuity. 
. Contact bounce is minimized by unique mag- 
net suspension that eliminates shock and jar 
. Automatic, positive alignment of crossarm 
insures simultaneous contact of all poles 


POSITIVE OPERATION 


5. Stainless steel kickout springs permit any 
mounting position on a vertical surface 
independent of gravity 


LONG MECHANICAL LIFE 


6. In addition to preventing contact bounce, the 
magnet suspension cushions the contact be 
tween armature and magnet, protecting en- 
tire unit from shock 

. Low mass and short stroke, possible only 
with a small relay, save wear on every moving 
part. 

. Pole faces are surface hardened to maintain 
desired air gap. 


MINIMUM POWER LOSS 

9. Closed gap coil loss is only 3 watts for low 
coil operating temperature. Open coil burden 
70 volt amps; closed, 11 volt amps 


EASE OF MOUNTING 

10. Steel base has keyhole slots for rapid instal 
lation, extends only into wiring area to avoid 
space waste, and may be removed if desired 
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General characteristics 
of the 
Westinghouse BF relay 


Dimensions 
Without base plate: 1? x 2356 
With base plate 1) eS 
Operating time 
Pickup: - 12.5 to 18.0 milliseconds 
Dropout: 6.25 to 12.5 millis Aleks 
Relay can be operated manually 
to test circuits 
4 and 8 pole frames. in any combi 
areLalolame) auale)aaar-lin ae) el-yam-lare mm 
norm ally C losed oreyah acts WItN a 
ranteb aianlelanmehae annie) daaiciih mellels-te| 


Contact rating—6 amps, 300 volts 
/‘N @ammol@ re} aalel=idssmialaeisia 


Rel Waele elsmaateleranesiomin Tan’ position 


ona vertical surface, without chang 
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The Westinghouse BF relay 
provides these features 


«up to 78% less mounting space 

e front accessible 

e can be butted without extra space 
for wiring 

e quick coil and contact changes 
when needed 

e low operating temperature 

e lower installed cost 

e long service life 

e magnet and armature have special- 
Avan atch aetsdalsve mele) -miclests 

e shorter operating stroke 

e lightweight operating p arts 

e silver alloy contacts have built-in 
Wan ol natomralondlelam ie) ame) geliolalca-1e morn aerennt 


continuity 


How the new 
Westinghouse design 
assures reliability 
and durability 


EASILY WIRED 


1. All connections are wired from the front with 
pressure Clamp terminals. 


OUTSTANDING CIRCUIT CONTINUITY 


2. Proper contact wipe is built-in for long life 
of the silver alloy contacts and for positive 
circuit continuity. 

. Contact bounce is minimized by unique mag- 
net suspension that eliminates shock and jar. 

. Automatic, positive alignment of crossarm 
insures simultaneous contact of all poles. 


POSITIVE OPERATION 


5. Stainless steel kickout springs permit any 
mounting position on a vertical surface 
independent of gravity. 


LONG MECHANICAL LIFE 


6. In addition to preventing contact bounce, the 
magnet suspension cushions the contact be- 
tween armature and magnet, protecting en- 
tire unit from shock. 

. Low mass and short stroke, possible only 
with a small relay, Save wear on every moving 
part. 

8B. Pole faces are surface hardened to maintain 
desired air gap. 


MINIMUM POWER LOSS 
9. Closed gap coil loss is only 3 watts for low 
coil operating temperature. Open coil burden 
70 volt amps; closed, 11 volt amps. 


EASE OF MOUNTING 

10. Steel base has keyhole slots for rapid instal- 
lation, extends only into wiring area to avoid 
space waste, and may be removed if desired. 





BF relay contact information 
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opentvpe ]  Qrdering information 
open closed number 
BF20A BF Relays are available direct through your 
ei nearest Westinghouse representative. When 
0: ; 
ordering be sure to specify the total number 
of poles desired, including the number of 
poles open and the number closed. Also 
specify coil control voltage and cycles. The 
chart at the left shows some of the most 
widely used relays with 110-volt, 60-cycle 
control voltage. Consult your Westinghouse 
representative about other BF Relays which 
BF60A 
BF51A are available. Or write Westinghouse Stand- 


BF42A ard Control Division, Beaver, Pa. 
BF33A 
BF24A 


BF80A 
BF71A 
BF62A 
BF53A 
BF44A 
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Meetings 
and Shows 


Aug. 14-17— 

Society of Automotive Engineers 
Inc. National West Coast Meeting 
to be held at the Sheraton Hotel, 
Portland, Oreg. Additional informa- 
tion can be obtained from SAE 
headquarters, 485 Lexington Ave., 
New York 17, N. Y. 


Aug. 22-25— 

Western Electronic Show and 
Convention to be held at the Cow 
Palace, San Francisco. Additional 
information can be obtained from 
Wescon headquarters, 1435 S. La 
Cienega Blvd., Los Angeles 35, 
Calif. 


Aug. 28-Sept. 1— 

International Heat Transfer Con- 
ference to be held at the University 
of Colorado, Boulder, Colo. Spon- 
sors are American Society of Me- 
chanical Engineers and American 
Institute of Chemical Engineers; 
also participating are American So- 
ciety of Refrigerating and Air Con- 
ditioning Engineers, Chemical In- 
stitute of Canada, Engineering In- 
stitute of Canada, Institute of the 
Aerospace Sciences, Society of Au- 
tomotive Engineers Inc., and the 
University of Colorado, Papers 
will be presented by engineers from 
13 countries, Additional informa- 
tion can be obtained from ASME 
Meetings Dept., 29 W. 39th St., 
New York 18, N. Y. 


Sept. 5-8— 

Association for Computing Ma- 
chinery. 16th National Conference 
and First International Data Proc- 
essing Exhibit to be held at the 
Statler-Hilton Hotel, Los Angeles. 


Further information is available 
from Benjamin F. Handy Jr., Lit- 
ton Systems, 5500 Canoga Ave., 
Woodland Hills, Calif. 


Sept. 11-14— 

Society of Automotive Engineers 
Inc. Heavy-Duty Vehicles Meet- 
ing, including production forum 
and engineering display, to be held 
at the Milwaukee Auditorium, Mil- 
waukee. Further information can 
be obtained from SAE, 485 Lexing- 
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ton Ave., New York 17, N. Y. 


Sept. 11-15— 

Instrument Society of America. 
Sixteenth Annual Instrument-Auto- 
mation Conference and Exhibit to 
be held at the Biltmore Hotel and 
Memorial Sports Arena, Los Angeles. 
Further information is available 
from Meetings Manager, ISA, Penn 
Sheraton Hotel, 530 William Penn 
Place, Pittsburgh 19, Pa. 


Sept. 14-15— 

American Society of Mechanical 
Engineers-American [Institute of 
Electrical Engineers. Engineering 
Management Conference to be held 
at the Roosevelt Hotel, New York. 
Additional information can be ob- 


tained from ASME Meetings Dept., 


29 W. 39th St., New York 18, N. Y. 


Sept. 24-27— 


American Society of Mechanical | 


Engineers. Petroleum Mechanical 
Engineering Conference to be held 
at the Muehlebach Hotel, Kansas 
City, Mo. Further information is 


available from ASME, 29 W. 39th | 


St., New York 18, N. Y. 


Sept. 25-28— 

American Welding Society. Fall 
Meeting to be held at the Adolphus 
Hotel, Dallas. Additional informa- 
tion is available from Information 
Center, AWS, 33 W. 39th St., New 
York 18, N. Y. 


Oct. 5-8— 
American Society of Industrial 





“Try not to make him nervous. 
It’s the first time he’s ever tried 
to put a man in space.” 
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LOW 
COST 


ABEC 3 PRECISION 
MINIATURE 
BEARINGS 


Bearings eliminate 

both economic and 

technical barriers to 

using precision miniature 
ball bearings in a 
wide variety of 
industrial and 
commercial 
products 


MADE IN U.S.A. BY 





KEENE, NEW HAMPSHIRE. U.S.A 


WRITE TODAY FOR CATALOG 
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LET MUELLER 
MAKE IT! 


Mueller Brass Co. of Port Huron is 
much more diversified than the name 
“Brass” implies . . . a lot more. In 
fact, because of its many and varied 
facilities ... 
metals... Mueller is in the unique 
position of being able to offer true 
single source service. 


MUELLER HAS THE MEN ... experi- | 
enced engineers with the ability to 
work out, creatively, tough design | 


problems, and improve a part or 


components for production by the | 


its men, methods and | 


most economical method. You get | 
sound engineering plus 44 years of | 
practical metalworking production | 
experience when you “Let Mueller | 


Make It.” 


MUELLER HAS THE METHODS... 


when you “Let Mueller Make It”, | 
you are utilizing one single source | 
that is able to produce parts any one | 
of these ways: as forgings, impact ex- | 


trusions, sintered metal parts, screw 
machine products, formed tube or 
as castings. 


MUELLER HAS THE METALS... and 
the materials... 
cision parts in aluminum, brass, 


to produce pre- | 


bronze, copper, iron, and steel in | 


hundreds of different alloys to meet 
each exact requirement. 


In addition, Mueller Brass Co. has 
complete and modern facilities for 
performing all types of finishing and 
sub-assembly operations. Another 
plus value is nation-wide sales engi- 
neering service. 


So, in the final analysis, no matter 
where you fit in the American indus- 
trial picture, whether you’re making 
missiles or mowers ...and no matter 
where you're located, it will pay you 
to LET MUELLER MAKE IT! 


MUELLER BRASS CO. 


PORT HURON 20, MICHIGAN 
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Designers. Annual Meeting to be 
held at the Ambassador Hotel (Oct. 
5) and the St. Catherine Hotel (Oct. 
6-8). Additional information can be 
obtained from Richard M. Wilkes 
& Associates, 521 N. La Cienega 
Blvd., Los Angeles 48, Calif. 


Oct. 9-13— 

Society of Automotive Engineers 
Inc. National Aerospace Engineer- 
ing and Manufacturing Meeting, in- 
cluding engineering display, to be 
held at the Ambassador Hotel, Los 
Angeles. Further information can be 
obtained from SAE headquarters, 
485 Lexington Ave., New York 17, 
N. Y. 


Oct. 9-15— 

American Rocket Society. Six- 
teenth Annual Meeting and Space 
Flight Report to the Nation to be 
held at the Coliseum, New York. 
Additional information can be ob- 


| tained from society headquarters, 500 


Fifth Ave., New York 36, N. Y. 


Short Courses 
and Symposia 


July 24-28— 

Advanced Topics on Solid-State 
Masers summer conference, to be 
held at the University of Michigan, 
will cover recent developments in 
the field. Topics include cross re- 
laxation, optical pumping in solids, 
optical and infrared masers, ad- 
vanced technology of cavity and 
traveling wave masers, and appli- 
cations of maser systems. Further 
information is available from Engi- 
neering Summer Conferences, 126 
West Engineering Bldg., University 
of Michigan, Ann Arbor, Mich. 


July 24-28— 

Course on Applications of Stress 
Analysis to Design and Metallurgy, 
to be presented at the University 
of Michigan, will cover principles 
and methods for applying stress 
analysis to problems of engineering 
design, material specification, lab- 
oratory testing, and field failures. 
Topics will include static, fatigue, 
and impact loading; notch sensitiv- 
ity and stress concentration; size ef- 
fect; cumulative damage, under- 
stressing and overstressing; prob- 


lems of life expectancy; statistical 
interpretation of stress and fatigue 
data. Additional information can 
be obtained from Engineering Sum- 
mer Conferences, 126 West Engi- 
neering Bldg., University of Michi- 
gan, Ann Arbor, Mich. 


July 31-Aug. 11— 

Summer Institute for Technical 
Writers and Publishers, sponsored 
by Tufts University, will emphasize 
editorial, supervisory, and manage- 
rial problems and procedures of gov- 
ernmental and industrial publica- 
tions departments. Additional infor- 
mation can be obtained from Mrs. 
Florence N. Trefethen, Assistant Di- 
rector, 8 North Hall, Tufts Univer- 
sity, Medford 55, Mass. 


Aug. 13-18— 

Seminar on Theoretical Aspects 
of Magnetohydrodynamics to be 
held at Pennsylvania State Univer- 
sity. Purposes are to present basic 
principles of plasma dynamics; to 
introduce the basic macroscopic 
equations of magnetohydrodynam- 
ics; to study phenomena associated 
with wave motion, boundary layer 
flow, and plasma instabilities; and 
to present the fundamentals of plas- 
ma propulsion and power genera- 
tion. Further information is avail- 
able from the Conference Center, 
Pennsylvania State University, Uni- 
versity Park, Pa. 


Aug. 21— 

Fifth Symposium of the Welded 
Electronic Packaging Association to 
be held at the Palo Alto, Calif., re- 
search facility of Lockheed’s Mis- 
siles and Space Div. Topics will 
include encapsulants, coatings, and 
adhesives; metallurgy; advanced 
joining techniques; test inspection 
and quality control; welding tech- 
niques and manufacture; and reli- 
ability. Further information is 
available from Charles Antony, 
Lockheed Missiles and Space Div., 
Sunnyvale, Calif. 


Aug. 21-25; Aug. 28-Sept. 1— 
Strain Gage Lectures (first week) 
and Strain Gage Laboratory (second 
week) courses, to be held at the 
University of California, will cover 
both theoretical and practical con- 
siderations. Additional information 
is available from Sam Houston, En- 
gineering Extension, Room 6266 
Engineering Bldg. II, University of 
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MUELLER CAN MAKE MOST ANYTHING IN 
SINTERED METAL PRODUCTS... 


Sintered metal gears, cams, special 
purpose filters and structural mem- 
bers from iron, nickel, stainless steel, 
brass and copper alloys are produced 
by Mueller for practically every seg- 
ment of American industry. What- 
ever your product requirements are, 
the Mueller Sintered Metal Products 
Division is completely equipped to 
supply you with precision parts to 
exact specifications at substantial 
savings. In addition, the engineering 
staff, machining and finishing facili- 
ties of Mueller Brass Co. are an 
important plus value when you 


LET MUELLER make IT! 
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& THE MOST COMPREHENSIVE LINE IN THE INDUSTRY 


You name it, Browning has it! Thousands of size and bore combina- 
tions in standard Gripbelt sheaves, for use with any of six Browning 
Gripbelts illustrated in the top row above. Plus five other types of 
belt drives for various applications: “*358’’, FHP, Variable Speed, 
Poly-V and Gearbelt. Truly the most comprehensive line in the 
industry, all immediately available from distributor stock. 


Your Browning distributor can help you select the most efficient 
and economical drive for any requirement. Ask him for details, 
and a copy of descriptive catalog GC101. Or write BROWNING 
MANUFACTURING COMPANY, MAYSVILLE, KENTUCKY. 


2 
th 
eee OUR YEAR 


(es SRE Ra 
POWER TRANSMISSION EQUIPMENT 
ee] 
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California, Los Angeles 24, Calif. 


Aug. 23-25— 

Fourth Biennial Gas Dynamics 
Symposium to be held at North- 
western University. Sponsors are the 
Electric Propulsion Committee and 
the Magnetohydrodynamics Com- 
mittee of the American Rocket So- 
ciety and the Gas Dynamics Labora- 
tory of Northwestern. The program 
will cover transport properties of 
plasmas, magnetohydrodynamic 
wave phenomena, experimental 
techniques and observations, propul- 
sion, power generation, and thermo- 
dynamic properties of plasmas. Ad- 
ditional data can be obtained from 
Gas Dynamics Symposium, Me- 
chanical Engineering Dept., North- 
western University, Evanston, III. 


Aug. 27-Sept. 1— 

Short Course on Materials Under 
Thermal Stress to be held at Penn- 
sylvania State University. Object of 
the course is to present intensive 
treatment of the present state of 
the art of thermal stress analysis 
and interpretation. Lecture topics 
will include elastic analysis, funda- 
mental behavior of materials under 
mechanical and thermal strain cy- 
cling, inelastic analysis, thermal 
shock of brittle and ductile mate- 
rials, and choice of materials and 
mechanical configuration for opti- 
mum design. Further information 
can be obtained from the Confer- 
ence Center, Pennsylvania State 
University, University Park, Pa. 


Sept. 5-9— 

Short Course on Industrial Pho- 
toelasticity to be held at the Uni- 
versity of California. Further in- 
formation can be obtained from 
Sam Houston, Engineering Exten- 
sion, Room 6266 Engineering Bldg. 
II, University of California, Los 
Angeles 24, Calif. 


Sept. 6-8— 

Midwest Conference of Fluid and 
Solid Mechanics, to be held at Mich- 
igan State University, will present 
new research and development 
work in these two fields. Addition- 
al information is available from Dr. 
Joachim E. Lay, 14 Olds Hall, 
Michigan State University, East 
Lansing, Mich. 


MaAcHINE DesIGN 





ENGINEERING NEWS 





Sept. 6-8— 

Joint Nuclear Instrumentation 
Symposium, sponsored by Instru- 
ment Society of America, American 
Institute of Electrical Engineers, and 
Institute of Radio Engineers, to be 
held at North Carolina State Col- 
lege, Raleigh, N. C. Additional in- 
formation is available from Meet- 
ings Manager, ISA, 313 Sixth Ave., 
Pittsburgh 22, Pa. 


Sept. 12-15— 

Seminar for Manufacturing En- 
gineers to be held at Pennsylvania 
State University. It will cover lat- 
est techniques related to automa- 
tion equipment development for 
engineers responsible for the de- 
sign, installation, and operation of 
such equipment. Further informa- 
tion can be obtained from the Con- 
ference Center, Pennsylvania State 
University, University Park, Pa. 


Sept. 21-22— 

Industrial Electronics Symposium, 
sponsored by the American Insti- 
tute of Electrical Engineers, the 
Professional Group on_ Industrial 
Electronics of the Institute of Radio 
Engineers, and the Instrument So- 
ciety of America, to be held at the 
Bradford Hotel, Boston. Theme of 
the symposium will be supplier-user 
co-operation. Technical sessions 
will be on measuring techniques for 
industry, digital and analog tech- 
niques in industry, and new power 
conversion techniques. Additional 
information is available from D. J. 
LaCerda, Badger Mfg. Co., 363 
Third St., Cambridge, Mass. 





“Who ordered five thousand 
pounds of lox?” 
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True, 99% 

of you don’t know 

Dynapar from Dinosaur 

...but those that do 

are getting more profitable results 
with our digital control and 
instrumentation! 


Dynapar is the electronic subsidiary of The Louis Allis Co. We make a full line of 
transistorized digital devices for high-speed counting, measuring, and control. 


Information on any of these products can be obtained from your local Louis Allis 
District Office — which is listed in The Yellow Pages under ‘‘Electric Motors.” 


Draw Process 
Indicators Controllers 
Basser 


DYNAPAR CORP., 459 E, STEWART ST., MILWAUKEE 1, WIS. A subsidiary of The Louis Allis Co. 


Rotopulsers 
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- ALLISPEDE" DRIVE 
_.* A low-cost, accurate 
~~ mechanical drive. Easily 





 ». -Sgptional electric remote 
- *  *¢ontrol. Simple mainte- 
> \ =. mance. Speeds up to 


.v. = 10,000 RPM, speed 
~~, fanges from 10:1, 1% to 
+>, °80 HP. Configuration 
‘\ - -ean be readily changed 


_ >... 2f in the field to meet new 
_-* * requirements. Ask for 
>”. + Bulletin 3601. 











Allispede 


' / g@justs manually or by - 


Magnetic Drive 


SELECT-A-SPEDE" DRIVE 


Converts incoming AC 
ole) (-1 an Colm D]OmelU) volt] ar-] am dal) 
nile) col am comm olge)Ulel-Me- Mac lIo4g1 bY 
responsive, precision 
drive. Drive motors are 
available in all types of en- 
closures. Transistorized 
control panels permit easy 


bit -t(ommanteletbiter-)dlelal-me- 1 ae-1ab 


time to suit changing con- 
ditions. Available in rat- 
ings up to 400 HP. Ask for 
Bulletins 101 and 2001. 






MAGNETIC DRIVE 

For applications from 
Lo] Oh co 4010]0 alone mele! 
cooled magnetic 
cluteh provides preci- 
cTrelammorelahaaelil-temm-lem 
justable speed. Wide 
speed range with min- 
imum of drift. Avail- 
able in one, two, three, 
or four-field construc- 
tion... with or with- 
out magnetic brake. 
Ask for Bulletin 3650. 


We offer 
recommendations 










Ms 





SYNCRO-RANGE DRIVE 
A sophisticated ‘‘pack- 
age system,’’ Syncro- 
Range Drive from 2 to 
200 hp combines an ad- 
justable frequency pow- 
er supply with compact 
squirrel cage induction 
or Syncro-Spede® syn- 
chronous motors. Con- 
i dge)i(-1 que) ai-1e-Mmelal-m ole) ial 
rofeya) dae) me) Maal eli Ciaanie) cold 
process lines. Ask for 
Bulletins 110,111, 112. 


Ajusto-Spede 


designed for the application 








Syncro-Range 


AJUSTO-SPEDE* DRIVE 
| Kolo Aol iae-lahaenie] Coa lare| 
Fromm sale) co) amorelaileliar-lelela) 
provides stepless, accu- 
ie} <<) 0]-1-16 Move] ah age) Pm Le) 
brushes, -slip rings, or 
commutators. Simple 
one-dial control. Sizes 
34, to 100 HP. Offered 
with wide variety of fea- 
tures including transis- 
tor control. Ask for Bul- 
letins 2750 and 2800. 
*TM of Eaton Mfg. Co. 





NEW design news from Louis Allis 


Louis Allis “systems engineer- 
ing” can provide control for a 
single process line .. . 


or entire plant coordination! 


An outstanding line of 
LOUIS ALLIS adjustable-speed drives 
from 1/2 to 2500 hp. 


Louis Allis offers you a complete line of adjustable-speed drives with various 
characteristics ivr every application where adjustable speed is required. 


Experienced Louis Allis field engineers will help you select the best drive for 
your application. They are supported by regional and factory industry specialists 
who can recommend a drive system to meet your requirements. 


The Louis Allis line of drives provides outstanding control features ranging 
from simple manual to precise electronic or transistorized control. Selection of 
control varies, of course, with the nature of the installation and the precision 
required. Where desirable, speed regulation as close as .1% is obtainable. 


Controls can be provided which automatically respond to temperature, pressure, 
or flow. Other control features include threading, inching, jogging, logarithmic 
acceleration, torque-limit acceleration, tachometer feedback . . . and many other 
control provisions that can exactly tailor a Louis Allis drive to your operation. 


For process plants or applications involving inter-related motors and multiple 
drives, Louis Allis engineers can provide complete “systems engineering” 
furnishing all electrical rotating components and control. 


For expert assistance call your local Louis Allis District Office listed in the Yellow 
Pages under “Electric Motors” . . . or write direct to The Louis Allis Company, 
459 E. Stewart St., Milwaukee 1, Wisconsin. Ask for Bulletin 2900. 


MANUFACTURER OF ELECTRIC MOTORS AND ADJUSTABLE SPEED DRIVES 


LOUIS ALLIS 
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that are of value 
to you! 


Every detail of the new Allen-Bradley motor starters has been 
designed to help make this the best line of motor control on 
the market. Remarkably small in size, each starter is a giant in 
performance. Being light in weight, these starters are easy to 
handle and a cinch to install. The generous wiring space, full 
front wiring, white interiors, and convenient knockouts make 
installation easy. The enclosure cover is firmly held with a 
quarter-turn fastener. All installation, inspection, and mainte- 
nance operations can be handled from the front — as shown in the 


New Bulletin 709 Size 3 across- 
the-line motor starter. Note the 
generous space for wiring, acces- 
sible terminals, and white interior. 


illustrations below— without the use of special tools. 


QUICK, EASY CONTACT INSPECTION— 
When the arc hood front cover is removed 


by loosening two captive screws, con- 
tacts are plainly visible from the front. 


ff i 


COIL EASILY CHANGED—When the coil 
cover is removed, coil and magnet yoke 
can be lifted out from the front. They are 
impossible to replace incorrectly. 


CONTACT POSITION INDICATED—Two 
slots in the coil cover show the position 
of the movable contact support—tell 
whether contacts are ‘‘closed"’ or ‘‘open." 


to the front of the starter. Two extra auxil- 
iaries can be added to Sizes 0, 1, and 2 
starters, and four, to Sizes 3, 4, and 5. 


CONTACTS EASILY REPLACED—Depress 
the spring slightly, and the movable con- 
tacts can be lifted out of the molded sup- 
port and the new contacts slipped in. 


A THIRD OVERLOAD RELAY CAN BE 
EASILY ADDED in the field, from the 
front of the starter. And the only tool 
needed is a common screwdriver. 


Allen-Bradley Co., 1333 S. First St., Milwaukee 4, Wis. 
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Seamless Steel Tubing comes in almost every shape and size, 
that is, if it's USS National Seamless Mechanical Tubing. 


USS and National are registered trademarks 


National Tube 
Division of 
United States Steel 


Columbia-Geneva Steel Division, San Francisco, Pacific Coast Distributors; United States Stee! Supply Division; United States Stee! Export Company, New York 
Circle 226 on Page 19 
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~ SMALLER SIZES 
3 AND 4 
MAGNETIC 
STARTERS = 





SIZE 3 
, AY 9 HEIGHT—9 2 INCHES 
s ~~ => — —-_ WIDTH—8 ¥g INCHES 
oe AM PANY a, COR . 
0 SIZE 4 


HEIGHT—10 INCHES 
WIDTH—8 ¥% INCHES 


25% HEIGHT 


Now General Electric has reduced 
the height of NEMA Sizes 3 and 4 
contactors and starters 25 percent 
to save you panel material and con- 
struction costs. These smaller 100- 
Line contactors and starters allow 
you to reduce the size of your con- 
trol panels. In many cases, you can 
now mount panels directly on the 
machines they control instead of 
building costly floor-mounted panels. 

Only 94% inches high (Size 3) 
and 10 inches high (Size 4), these 
starters are about the same height 


as circuit breakers, disconnects, and 
other major control components. 
This means straight wiring runs can 
be made across the panel with space 
between troughs determined by 
other components. 








Only General Electric 100-Line Magnetic Starters Give You All These Performance Benefits 


Longer contact life — Unique 
angled mating of heavy 
silver-cadmium oxide con- 
tacts wipes off contaminants 
every time starter operates. 
This reduces arcing and pit- 
ting. Shape of 100-Line con- 
tacts assures positive “make” 
with less bounce. 


Simplified hook-up — Pressure- 
type terminals accept 1/0 
wire on Size 3 and 250 MCM 
cable on Size 4. Separate 
terminal posts contain fac- 
tory wiring leaving pressure 
terminals free for your wir- 
ing. Terminal posts accept 
crimp-on connectors. 


Improved arc suppression — 
Magnetic arc trap utilizes 
circuit breaker method of 
restricting and quenching 
arcs. Improved arc cover 
confines carbon to each 
separate chamber while ex- 
hausting ionized gases that 
could cause arc restrike. 


*§ 


Easier installation—Starters 
have three-point keyhole and 
slot mounting — just hang 
starter on top screw and 
tighten. Straight-through 
wiring on 100-Line starters 
provides easier terminal 
identification and connection, 
shorter wiring runs. 


REDUCTION SAVES PANEL SPACE 





These new Sizes 3 and 4 starters 
are also simple to install and wire. 
The three mounting points are 
slotted, slip easily over mounting 
screws, and are readily accessible 
to power tools. Straight-through 
wiring, with all line terminals on 
the top and all load terminals on 
the bottom, makes hook-up and 
identification easy, and shortens 
your wiring runs. 

These new starters are part of the 
100-Line—a starter design with op- 


erational advantages already proved 
on over one million applications. 

General Electric 100-Line Sizes 
3 and 4 starters are now available, 
open or enclosed, in all popular 
forms. Call your G-E sales engineer 
or distributor, or write for GEA-7326. 
Section 811-25, General Electric Co., 
Schenectady 5, N. Y. 





You get MEASURABLE ADVANTAGES 


WITH GENERAL ELECTRIC CONTROL 











Progress /s Our Most Important Product 


GENERAL @@ ELECTRIC 
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Save 16 square 
inches with new 
Size 3. Cross- 
hatched area 
shows outline of 
previous form. 


Save 17 square 
inches with new 
Size 4. Cross- 
hatched area 
shows ovtline of 
previous form. 





GRAYLOC® pipe connections are up to one-third 
smaller than flanged connections with comparable 
maximum pressure ratings. They save wasted space — 
cut unit weight and assembly time drastically. 

An all steel assembly, GRAYLOC employs a 
pressure aided seal that can be assembled or discon- 
nected in minutes. The heart of the assembly — the 
seal ring—is completely reusable. 





Taper angle of seal-ring 
lips is slightly less than 
that of mating hubs. Tight- 
ening clamp causes seal- 
ring lips to deflect, form- 
ing seal by spring action. 














Although GRAYLOC connections are manufac- 
tured in standard stock sizes from 1” to 30”, special sizes 
for special applications are available on request. Cor- 
rosion resistant metals can be provided on short notice. 

You can use GRAYLOC connections in your piping 
system. They'll save you maintenance and assembly 
time, space and money. To learn how, write for the 
new GRAYLOC catalog. 


GRAYLOC SALES DIVISION 


GSD el Compary 


P.O. BOX 2291 


Circle 228 on Page 19 


* HOUSTON 1, TEXAS * Riverside 7-1240 


MaAcHINE DesIcn 











Ce, . cot 
ee Oo | 


i Te : , 
i ek ae 


me ele 


[ttnenescenastiess 


Every sheet, coil or tubing ship- 
ment of Quaker State aluminum 
is now certified in writing. It’s 
your assurance that your order 
has passed our rigid standards 
of quality control to meet your 


exacting specifications. 


TESTED FOR BENDABILITY 
In this test a piece of metal is 
bent to a 90° or 180° angle and 
inspected visually for imperfec- 
tions. When metal is to be used 
in a forming operation by the 
purchaser, only after it has suc- 
cessfully passed this test does 
it receive the usual Quaker State 
stamp of “Certified Aluminum.” 


QUAKER STATE METALS COMPANY 


Lancaster, Pennsylvania 
A DIVISION of HOWE SOUND COMPANY 


Mill Producers of Aluminum Sheet, Coil, Tubing and Extrusions 
Circle 229 on Page 19 
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New Teflon-impregnated asbestos packing 
becomes standard for all Ohio Brass valves 


Ohio Brass Company, Mansfield, Ohio, a leading 
producer of bronze valves for industry, wanted to 
standardize on a single packing for its entire line— 
asked Raybestos-Manhattan, Inc., to develop a suit- 
able all-purpose packing. 

Ohio Brass laid down three requirements: (1) it 
must be resilient and maintain gland torque; (2) must 
be effective in a wide range of applications; (3) must 
be priced right. 

R/M packing engineers solved the problem with a 
unique combination of woven asbestos impregnated 
with Tefion.* Aside from eliminating the need for stem 
lubrication, this long-wearing packing is inert to the 
wide range of materials handled by O-B valves. 

Whatever your needs in mechanical packings, gasket 
materials, and specialty products—call on R/M. Our 
engineering and production capabilities can effect an 
economical solution for your packing requirements. 
Send data on your application. 


*Registered trademark for Du Pont fluorocarbon resins 
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RAYBESTOS-MANHATTAN, INC. 


PACKINGS 


PACKING DIVISION, PASSAIC, N.J. 
MECHANICAL PACKINGS AND GASKET MATERIALS 
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Quick delivery 


of the Drive you need! 


When you purchase a Square D A-S Drive, you get 
a complete “package”—including drive motor, 
operator’s station and all controls. You also get 
these important advantages: 


QUICK DELIVERY « Square D’s unique method of 
stocking sub-assemblies means quicker deliveries 
of packaged drives to meet your requirements. 


EASY INSTALLATION ¢ Maintenance manuals are 
complete in every detail, including step-by-step in- 
stallation instructions. Moreover, each A-S Drive is 
completely factory-tested and adjusted when 
shipped — only a few trimming adjustments are 
needed to put it in operation. 


MINIMUM MAINTENANCE « Industrially rated 
components are used throughout, and extra-sturdy 
cabinets give lasting protection. Static elements 


and encapsulated circuits—which are virtually main- 
tenance-free — are utilized wherever possible. 


EXTRA SAFETY « Only push buttons with heavy- 
duty construction and potentiometers with indus- 
trial clearances are used in operator's stations, for 
maximum personnel safety. 


WIDE VARIETY AVAILABLE « There's a Square D 
“package” for any adjustable-speed job. You can 
choose from electronic, magnetic amplifier or motor- 
generator types — with ratings from 1/20 to 400 hp 
—and with accuracies to within fractions of 1%. 


FIELD APPLICATION HELP « Square D has wide 
experience in the design and manufacture of ad- 
justable-speed drives, and field specialists are 
trained to help you in the selection of the proper 
drive. 


Write FOR BULLETIN « Square D Company, 4041 North Richards Street, Milwaukee 12, Wisconsin 


SQUARE 


COMPANY 


D 


wherever electricity is distributed and controlled 
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TubeXperience in Action 




















Superior tubing makes pressures behave 


whether 125, 5000, 30,000 or 100,000 psi 


Superior small-diameter tubing makes pressures behave 
whether low, medium, high or super. Superior pressure tubing 
can be roughly divided into two groups: commercial pressure 
tubing for use in a range up to 20,000 psi; premium super 
pressure tubing to handle pressures from 15,000 to 100,000 
psi. Both ranges can be handled effectively by a number of 
different analyses, depending on service requirements. Typical 
applications for Superior general-purpose pressure tubing 
include pressure tools, machine tools, heat exchangers and 
condensers. Superior super-pressure tubing is found in hydro- 
genation process equipment, high-pressure autoclaves, and 
pilot plant installations in chemical and oil refining plants. 


All Superior pressure tubing offers many advantages. It helps 
prevent critical failures and downtime. It assures long service 
life, high fatigue strength, excellent corrosion and chemical 


resistance. In the range from 15,000 to 100,000 psi, Superior 
super-pressure tubing is a premium product. It is produced 
from specially selected raw materials. Inside surfaces are 
conditioned to remove fissures and other defects. During proc- 
essing, special degreasing operations are performed, and the 
inside diameters are conditioned to insure a clear, smooth 
surface. Two types are available: a single wall mechanical 
tubing and a double wall, or composite unit, made from two 
thinner tubes. It is produced in an annealed condition and in 
1% hard temper, and to mechanical properties specified by 
the customer. All Superior pressure tubing is 100% hydro- 
statically tested to recommended working pressures, and 
rigidly inspected for defects. 


We can probably help you with any tubing problem tnat may 
confront you... in pressure, super-pressure or other appli- 
cations. Contact us and feel no obligation. Superior Tube 
Company, 2010 Germantown Ave., Norristown, Pa. 


Syoertir fide 


The big name in small tubing 
NORRISTOWN, PA. 
All analyses .010 in. to ¥% in. OD—certain analyses in light walls up to 2Yy in. OD 
West Coast: Pacific Tube Company, Los Angeles, California « FIRST STEEL TUBE MILL IN THE WEST 
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New lockset 


designed with 


ZYTEL’ NYLON 


RESIN 


offers easy 


Zytel 


one of Du Pont’s versatile 
engineering materials 


installation...lifetime service...eeconomical production 


This lockset looks better, lasts longer 
than the metal one it replaces—and it 
took a material with remarkable prop- 
erties to make it. It took a material 
that is exceptionally tough and abra- 
sion-resistant, a material with friction 
so low as to make lubrication unneces- 
sary, a material that is rust- and cor- 
rosion-proof, a material that can be 
economically molded to close tolerances 
in large quantities, and one that re- 
quires little or no finishing. 

In short, it took Du Pont ZyYTEL 
nylon resin. 

In this radical design innovation, al- 
most all working parts except the knobs 
are molded of tough Du Pont ZyTEL. 
Installation of the lockset is made fool- 
proof; round and square sleeves mate 
with round and square posts. The entire 
set is held by two double lead bolts 
that drive directly into holes in the 


chassis sleeves. And a self-aligning latch 
case lets the installer swivel the latch 
to the right or left of the central lock 
assembly for bevel-edged doors or for 
improper boring. In action, the bolts 
of ZYTEL were tested up to 1,500,000 
cycles—equivalent to more than 100 
years of normal household use—with- 
out perceptible wear. And the lockset 
functions smoothly and quietly with- 
out lubrication. Molded by Nylon 
Products Corp., affiliated with F. J. Kirk 
Molding Co., Clinton, Mass., for Lock- 
wood Hardware Manufacturing Co., of 
Fitchburg, Mass., the parts are eco- 
nomically mass-produced, need virtu- 
ally no finishing operations. 

On the following page, you will find 
further illustrations of the design im- 
provements and cost reductions made 
possible by the complete line of ZYTEL 
nylon resins. 





‘ (2) 
Z yte one of Du Pont’s versatile 


When installed in a teletypewriter, 
these wheels will be subjected to steady 
abrasion on the typewriter ribbon. 
The wheels are molded of ZYTEL, be- 
cause of its impact and abrasion re- 
sistance, as well as its moldability 
and the exacting tolerances which can 
be held. (Molded by General Die Mold, 
Chicago, Illinois, for Kleinschmidt Di- 
vision of Smith-Corona Marchant, Inc., 
Deerfield, Illinois.) 


Parts of ZYTEL* NYLON 


RESIN 


resist abrasion, stand up 
to impact, mold easily 


A large part of the ZYTEL success story is attributable to its 
versatility of application. In complete operating units or in 
working parts, its remarkable array of properties—mechanical, 
chemical, electrical and processing — makes it a natural problem 
solver in design. Your own design may well benefit from the 
contribution of a particular compcsition of ZYTEL. To learn 
more about the performance of the different compositions of 
Du Pont ZYTEL, just complete and mail the coupon below. 


E. I. du Pont de Nemours & Co. (Inc.), Dept. 2 

Room 2507Z, Nemours Building, Wilmington 98, Delaware. 
Please send me more information on Du Pont ZyTEL. 

interested in evaluating this material for: 








Name Position 





Company 





Street Address 





City Zone State 








Type of Business 





in Canada: Du Pont of Canada Limited, P.0. Box 660, Montreal, Quebec 


engineering materials 


Heavy loads are supported by small 
carpet protectors made of ZYTEL. Sup- 
port is distributed by the many tiny 
nylon “‘icicles” that reach the floor 
between the tufts of rug—instead of 
crushing the rug under the object’s 
weight. Factors in the choice of ZYTEL 
were strength and resistance to creep or 
cold flow. (By United States Caster 
Cup Corporation, Kansas City, Mo.) 


Coils encapsulated in ZYTEL offer high dieletric 
strength with relatively thin coatings. Coils are pro- 
tected against humidity, acids, alkalies, and oils. The 
coatings can also be used as bearing surfaces, as in 
solenoids and contactors, thanks to the abrasion re- 
sistance and low friction of ZYTEL nylon resin. The 
mounting feet shown are molded as an integral part 
of the encapsulation. (Processed by Anderson Con- 
trols, Franklin Park, Illinois.) 


POLYCHEMICALS DEPARTMENT 


REG. U.S, PAT. OFF. 


BETTER THINGS FOR BETTER LIVING. . . THROUGH CHEMISTRY 


y ee fie 2 nylon resins 


Alathon’ - Delrin’ «+ Lucite 





Dependable name, dependable product 


The Bendix-Westinghouse name on a power cylinder is your assurance of 
dependable performance. And, whatever your application, the wealth of 
Bendix-Westinghouse design experience permits exact “tailoring” to your 
needs. Bendix-Westinghouse piston-type power cylinders are widely used in 
every field of industry, operating up to 200 psi air and 1800 psi oil. Our large 
inventory of machined parts for standard units, combined with our manu- 
facturing flexibility, means fast delivery to meet your needs. In addition to 
the broad range of standard models, we also provide many specialized sizes 
and mounts. When you think of power cylinders, think of Bendix-Westing- 
house . . . for dependability! Write today for complete information. 


Bendirc lfestinghowe <> 


INDUSTRIAL PRODUCTS 
Bendix-Westinghouse Automotive Air Brake Company, Elyria, Ohio 


Circle 233 on Page 19 Circle 234 on Page 19 


ROTOCHAMBER has neoprene diaphragm, 
delivers from 900 to 5000 pounds force at 
100 psi air pressure. 


ROBOTAIR CHAMBER has optional rubber or 
neoprene diaphragm, delivers from 300 to 
3600 pounds force at 100 psi air pressure 
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Now—Fatigue Performance 
Formerly Available Only in Specials! 


... with New UNBRAKO K16 Socket Head Cap Screws 


If you have socket-head applications demanding 
extra-normal fatigue capacity ... if you have been 
using costly specials to get fatigue strength . . . here 
at last is a standard fastener designed specifically 
to solve your problem. 

New Unsrako K16 socket head cap screws give 
you a bonus of 300% more fatigue life. 

How does SPS achieve this special fatigue per- 
formance in a standard fastener? Primarily through 
extra operations during manufacture. Among 
them — 


@ Threads rolled after heat treat for extra fatigue strength 


Head-to-shank fillet area cold worked after heat treat 
to increase fatigue resistance 


Shank precision ground after heat treat to insure no 
decarburization and for closer body tolerances 


Magnetic particle inspection per SPS Specifications 
and MIL-I-6868 to insure a reliable product 


These features are in addition to the proven UNBRAKO 
pHd* head, which delivers far greater holding power, 
and the SPS Hi-Life thread root form, which reduces 
stress concentrations ... both standard on all UNBRAKO 
socket head cap screws. 


*proper Head design 


Comparison of 5/16-24 Socket Head Cap Screws 
© Unbrako “K” Series 
© Standard Unbrako Socket Head Cap Screws with Radius Thread Root 
X Standard Socket Head Cap Screws with Flat Thread Root 

Low Load 


STRESS—P S.1. (Minor Thread Area) 


CYCLES TO FAILURE 
1,000 10,000 


Tension-tension fatigue tests by SPS Laboratories show 
new UNBRAKO K16 socket head cap screw offers twice the 
fatigue life of regular UNBRAKOs. 


Circle 235 on Page.i9 
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New K16 tension fasteners were developed by SPS to 
replace costly specials in a growing number of critical 
industrial applications demanding extra-high fatigue capac- 
ity. Cross drilling is standard. 


Case histories show that 90% of today’s fastener 
failures are due to fatigue—a direct result of the 
trend toward more and more compact designs, with 
higher performance demanded of fewer or smaller 
components. New UNBRAKO K16 socket heads help 
you meet this design challenge. . . without paying 
for specials. 

UnBRAKO K Series fasteners are available cur- 
rently as socket head cap screws in standard sizes 
#8 through 1% in. diameter in 8740 A.Q. steel. 
Other configurations and series to come. See your 
authorized industrial distributor or write Standard 
Pressed Steel Co. for new Bulletin 2707. INDUSTRIAL 
FASTENER Division, SPS, JENKINTOWN 18, PENNA. 


where reliability replaces probability 
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CLEARPRINT PAPER CO. 
1482 - 67th Street, Emeryville, Calif. 


(1) Send me Clearprint samples, with prices, for the following uses: 








( Have your representative call at my office to discuss special 
applications for my particular needs. 
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Need Wire Cloth Specials? Call Camridge 


BRAZED 


SEAMLESS 


TEFLON* COATED | 





Right Side Coated 


*Reg. T.M. of DuPont Company 


These are just 3 of the many wire cloth specialties Cam- 
bridge can produce for you—no matter how large or small 
a quantity you need. Or, if you have an extra-special 
problem, there’s an expert on hand to discuss your special 
needs . . . your Cambridge Field Engineer. He can show 
you how to get the results you want—in the quickest 
possible time at the lowest possible cost. 





if Your Problem Involves Standard Metals or Alloys... 
we make wire cloth from any metal or alloy that can be 

drawn into wire . . . in nine basic weaves, and with accurate 

mesh count and mesh size. Ask about immediate deliveries 

ig ir a ny from our enormous stocks of the most frequently used 


under “Wire Cioth.” Call on types of cloth in a wide range of mesh sizes. 
him at any time. Or, write for 


Mecwated, 120-page cateleg. Refer to our technical data sheets in CHEMICAL ENGI- 
NEERING CATALOG, Pages 185 














THE CAMBRIDGE WIRE CLOTH Co. 
DEPARTMENT N @ CAMBRIDGE 7, MARYLAND 


Manvfacturers of Metal-Mesh Conveyor Belts, Flat Wire Conveyor Belts, Wire Cloth, 
Wire Cloth Fabrications and Gripper® Metal-Mesh Slings. 
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Performance Guaranteed by 
Integrated Hydraulic Servo-Motor 


Completely new package developed for 
missile, aircraft and ground support control 
systems cuts breakaway torque sharply and 
reduces minimum smooth output speed. 


This integrated package consisting of a servo valve 
and a specially designed, high case pressure hydraulic 
motor sets a new performance standard for electro- 
hydraulic servo-motors. Applications requiring con- 
tinuous, precise output speeds in either or both direc- 
tions over the entire range are ideally suited to this 
design. (see chart at left) 


Your system requirements will be met precisely 
with this thoroughly tested package whose basic 
elements (hydraulic motor and servo valve) have been 
blended into a compatible operating control-actuator. 
This condition can seldom be attained when elements 
provided by two or more manufacturers must be 
matched. Compared with conventional manifolded 
components, the integrated Vickers package offers 
these specific advantages: 


Unique Motor Design—High case pressure design 
eliminates internal axial forces and permits an 
optimum standby efficiency. 


Lower Breakaway Torque—When compared with 
motors manifolded to servo valves, starting or break- 
away torque is reduced by a factor of 8. 


Lower Smooth Speed—Minimum smooth speed ob- 
tainable is reduced by factor of 5. 

Reduced Size and Weight—Weight reduced by 20%; 
size by 30%. 

High Reliability—Contamination can’t be introduced 
during field assembly. Elimination of tube ports, 
fittings, and bolt-together components further reduces 
porential problem areas. 


High Response—Results directly from low volume of 
oil under compression. 


More Filter Capacity—Control flow to servo valve is 
filtered by large, self-cleaning, 15 micron nominal filter. 


More data is available in Bulletin A 5256. Write 
for your copy today. 


AERO HYDRAULICS DIVISION 


VICKERS INCORPORATED divaien of 
DETROIT 32, MICHIGAN SPERRY RAND 
TORRANCE, CALIFORNIA CORPORATION 


PROGRAMMED POWER IN: FLUID TRANSFER « 
POWER TRANSMISSION ¢ ENERGY CONVERSION 


July 6, 1961 Circle 238 on Page 19 65 








Light-weight, compact and extremely versatile — the reliable 


NEW IP 250 INDUSTRIAL 
HYDRAULIC PUMP 


by 
LUCAS-ROTAX 





PUMP DETAIL 


Basic Pump 
Fixed Stroke 


Envelope size 113/,” x 7” x 7" Nominal Rating at 3,600 r.p.m...18G.P.M. 


Displacement (cub. ins./rev.)... 1.157 


One of the complete new range of quality built Working pressure up to 

: (Ibs./sq. in.) (continuous).... 3000 
hydraulic pumps and motors by Lucas-Rotax, 
Speed up to 


> I OF ¢ > ics re aS ¢f 
the IP 250 offers many technical advances and ined Seetincoeel 


advantages. * Small size * Low weight * Variable 
8 g Input h.p. at 1,000 r.p.m. and 

volume *® Low noise level at higher operating speeds 1,000 Ib. per sq. in. differential 3.32 

® Low cost ® High efficiency * Fitted with integral or 


remote pressure compensator as standard equipment. Operating Temperature, . . .°F —40 to 200 


For further information, contact the agent or Direction of Rotation 


office nearest you today, or write for technical Pressure Compensator Range. . .500-5000 


literature. p.s.i. 











a product of creative enginerring by 


LUGAS-ROTAX 


LIMITED, TORONTO 
A member of the lucas organizotion 
WITH OFFICES AND SERVICE DEPOTS BOSTON ® NEW YORK @ CHICAGO @ LOS ANGELES ® HOUSTON @ SAN FRANCISCO @ CLEVELAND 
THROUGHOUT NORTH AMERICA JACKSONVILLE @ DENVER @ SEATTLE @ BALTIMORE © TORONTO ® MONTREAL ® VANCOUVER 
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announcement next two pages... 
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The following two pages introduce you 
to Kaiser Aluminum’s exciting new Alu- 
minum Extrusion Design Contest—prizes 
total $4,000! 


Win any of these cash awards and 
Rogers Industries adds a Bonus Award to 
your winnings. $500 1st Prize Bonus; $250 


2nd Prize Bonus; Five $50 Bonus Awards. 


ROGERS 


IMDUSTRIES 


This is “Frosting on the Cake.” As a 
leading extruder of aluminum, this is 
Rogers’ way of helping focus your interest 
on new cost-saving, product-improving 


applications of aluminum extrusions. 


For Technical assistance, information 
or help in preparing your Contest Entry, 


contact Rogers Industries right away. 


ROGERS INDUSTRIES, INC. 
Extrusion Division 


14575 Meyers Road 
Detroit 27, Michigan 
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Design an 
aluminum extrusion, 
win $2500, $1000 or one of five $100 awards. 


SOME WORDS OF ENCOURAGEMENT 

It makes no difference whether your design idea is only now budding in your 
imagination, nurtured on your drawing board .. . accepted, rejected or utilized 
by your company. All designs using aluminum extrusions are welcome. 


Whatever you're designing now, complete product or component part . . . try 
redesigning it using aluminum extrusions. Maybe a sticky design problem can 
be solved by developing a never-before-extruded shape that will take the place 
of a machined, formed or welded assembly, or one that, when sawed into sec- 
tions, will reduce machining cost . . . or provide other product benefits. 

First Place Winner Will Receive $2500. Runner-Up Will Win $1000. And Five 
Third Place Entries Take $100. each. All Entrants Receive a Bright, New Penny! 


THE JUDGES AND HOW THEY CAN HELP YOU WIN 

The top twelve designs selected by Kaiser Aluminum will then be finally judged 
by executives of the Independent Extruders listed on the opposite page. Your 
entry will be judged on the basis of originality of concept, product improve- 
ments, production cost and time savings, and other resultant or projected advan- 
tages that aluminum extrusions make possible. 


For a better idea of the vast applications for extrusions and for any technical 
assistance you may need, contact the Independent Extruder nearest you (see list 
0g Opposite page). You can call on his and Kaiser Aluminum’s vast extrusion 
experience to give you expert technical guidance in selection of alloys, toler- 
ances, mechanical properties, tooling and extrusion costs. 











A PENNY FOR YOUR THOUGHTS! 


ENTRY BLANK 


- One $2500, one $1000 and five $100 awards will be made by 
Kaiser Aluminum & Chemical Corporation for the extrusion 
designs submitted and judged to be the first, second and five 
other best designs submitted. Decision of the judges will be 
final. 


2. All designs submitted must be postmarked before midnight 
August 31, 1961. 


. Each entry and its subject matter shall be the property of 
Kaiser Aluminum. Entrants accept these rules when submit- 
ting their entries, and agree that Kaiser Aluminum may use 
the entries in any manner without restriction and without 
payment or any other obligation to the entrant except to the 
extent set out in Paragraph 1 above. 
. Contest is open to all persons except employees and families 
of Kaiser Aluminum & Chemical Corporation, Kaiser Alu- 
minum & Chemical Sales, Inc. and independent extruders. 
. No entry will be accepted unless accompanied by a signed 
contest entry blank, addressed to: 

PENNY FOR YOUR THOUGHTS CONTEST 

Kaiser Aluminum & Chemical Corporation 

Kaiser Center, Room 847, Oakland 12, California 


Signature of Entrant 


ee... Come 


Title. Address __ 


City LS ll ee 


Additional entry blanks are available from the independent 
extruder nearest you. 


fi 
KAISER 


ALUMINUM 


Kaiser Center, Oakland, California 


See HONG KONG and MAVERICK weekly, 
ABC-TV Network 





No Contest Is Complete Without Clues 


To help you get started on your winning design ... here are just a few 
examples of extrusions and the parts they replace. 
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BETTER HEAT TRANSFER .. . The extrusion process makes pos- 
sible the integral shape shown at right, above. This design provides 
greater area for heat transfer and minimizes assembly costs. 











LOWER WEIGHT, FASTER ASSEMBLY .. . Several different 
shapes can often be combined into a single extrusion. The integrally 
stiffened panel above, right, weighs less, reduces joining cost. 


GREATER DESIGN FREEDOM ... This gunwale provides struc- 
tural strength as well as good appearance. Made as an extrusion, it 
provides for interlocking, decorative and utilitarian bumpers as well 
as color strips. No other process allows the styling and low upkeep 
possibilities found with Aluminum Extrusions. And extrusion dies 
are inexpensive compared with tooling costs for other types of fabri- 
cation. Fasteners are hidden and no welding is necessary. 


SZ 
SE 


LESS MACHINING . . . The low inertia hollow rotating member is 
manufactured from a close tolerance extrusion. It is sawed into sec- 
tions from a continuous profile rather than from machined castings 
or bar stock. The extrusion process reduces expensive tooling, scrap 
and production time. 


Now Start Thinking And Designing...It Could Mean Cash For You! 


How To Submit Your Winning Entry. 


1. All drawings and descriptions must be submitted on white 
paper no larger than 16” x 20” with the name of your ex- 
trusion design and your name and address typed or printed 
on the upper left corner of each page. Official entry blank 
must be included. 


2. Each design submitted must clearly show the functional 
purpose of the extrusion. 


3. Include a description of your design, its purpose and ad- 
vantages and any comparisons between the new design and 
the product or component it might replace. 


4. Photographs of existing components, products or your new 
design may be submitted along with your entry. 


5. Contest entries must be postmarked before midnight, 
August 31, 1961. Winners will be notified by mail before 
November, 1961. 


CONTACT THE INDEPENDENT EXTRUDER NEAREST YOU 
for expert advice on all extrusion problems or for additional entry blanks. 


ARKANSAS 


Southern Extrusions, Inc. Magnolia CE 4-4260 


CALIFORNIA 
The Aluminum Extrusion Co. Los Angeles 
American International San Jose 
B & T Metals Co. Los Angeles 
Jotaco Extrusions, Inc. Orange 
Kawneer Company Richmond 
Michael Flynn Mfg. Co. City of Industry 
Pacific Extrusion, Inc. Watsonville 
Pax Metal Corp. Van Nuys 
Texas Aluminum Mojave 


FLORIDA 


American International Aluminum Corp. Miami 
General Aluminum Fabricators Miami 
Miami Extruders, Inc. Miami 

Regal Extrusion Corp. Miami 

Ware Laboratories, Inc. Miami 


GEORGIA 
Chamblee 


ILLINOIS 

St. Charles (Chicago) 

Kinkead Industries, Inc. Chicago IN 3-7800 

Mala Extrusions, Inc. Rock Island 788-9321 

Precision Extrusions, Inc. Bensenville (Chicago) NA 5-4600 

INDIANA 

Greater Louisville Industries, Inc. Jeffersonville BU 2-4341 

Mainline Extrusions, Inc. South Bend AT 8-9244 

Wells Aluminum Corp. North Liberty OL 6-8111 

IOWA 
Waterloo 


MASSACHUSETTS 
Northeast Aluminum, Inc. Lawrence 


CL 5-1511 
CY 8-1606 
RA 3-4501 
KE 2-6331 
BE 2-1821 
CU 3-6407 
PA 4-2244 
TR 3-2720 
VA 4-4021 


NE 4-8591 
TU 7-8231 
OX 1-8900 
NE 3-8128 
NE 4-8511 


Loxcreen Co., Inc. GL 7-6394 


Kawneer Company MA 6-2281 


Titus Metals Corp. AD 4-1771 


MU 3-2718 


VA 4-8631 
AN 8-5200 


Taunton 
Boston 


Royce Aluminum, Inc. 
Trim Alloys, Inc. 


MICHIGAN 


Aluminum Extrusions, Inc. Charlotte 
Brazeway, Inc. Adrian 

Detroit Gasket & Mfg. Co. Detroit 
Ferguson Extrusions, Inc. Detroit 
Light Metals Corp. Srand Rapids 
Midwest Aluminum Corp. Kalamazoo 
North American Extrusions Corp. Kalamazoo 
Purpose Extruded Aluminum Hudson 
Quality Aluminum Products Co. Coldwater 
Rogers Industries Detroit 

Valley Metals Products Co. Plainwell 


543-2010 
CO 5-2121 
KE 1-3400 
TE 4-5081 
RI 2-3481 
Fl 5-8155 
Fl 5-8610 
HI 8-2551 
BR 8-2381 
VE 8-7500 
MU 5-8711 


MISSOURI 


Hazelwood Engineering & 
Equipment Co. Hazelwood (St. Louis) PE 1-2274 


NEW JERSEY 
Corson Industries Delair 
Mideast Aluminum Corp. Dayton 
New Jersey Aluminum Extrusions N. Brunswick 
Warner Mfg. Corporation Bloomfield 


NO 2-5500 
DA 9-8113 
CH 9-6867 
Pi 8-5000 


NEW YORK 


Westbury ED 4-1800 
TE 9-1000 
NI 9-6400 
PI 1-6600 


LU 6-2660 


Alan Scott Aluminum 
Aywon Wire & Metal Corp. Brooklyn 
Badger Aluminum Extrusions Brooklyn 
Empire Extrusions Corp. Garden City Park, L. I. 
Jarl Extrusions, Inc. E. Rochester 
Jasco Aluminum Products 
Div. of Irving Air Chute Co. 
Jerex Corporation 


New Hyde Park 
Amityville 


Fl 3-4300 
MY 1-7270 


NORTH CAROLINA 


Carolina Aluminum Co. Winton 358-4111 


Akron 
Columbus 
Campbell 
Youngstown 


Alsco, Inc. 

B & T Metals Co. 

Calex Corp. 

General Extrusions, Inc. 
Magnode Products, Inc. Trenton 
National Extrusions & Mfg. Co. Bellefontaine 
F. A. Pilgrim Co., Inc. Youngstown 
Saramar Aluminum Co. Youngstown 

F. E. Schumacher Co., Inc. Hartville 
Weather-Seal, Inc. Barberton 
Youngstown Mfg., Inc. Youngstown 


OKLAHOMA 
Macklanburg-Duncan Co. Oklahoma City 


PENNSYLVANIA 
Airmaster Philadelphia 
Michael Flynn Mfg. Co. Philadelphia 
Penn Brass Erie 
Pittsburgh Aluminum Alloys Co. 
R. D. Werner Co., !nc. 


Pittsburgh 
Greenville 


SOUTH CAROLINA 
Extruded Aluminum Co., Inc. Summerville 


TEXAS 


Dallas 
Dallas 


Bauer Aluminum Co. 
Texas Aluminum Co., Inc. 


BL 3-7701 
CA 8-5411 
PL 5-9679 
ST 8-9681 
YU 8-6331 
LY 2-9010 
ST 8-4077 
SW 9-9741 
TR 7-9307 
SH 5-2114 
Ri 3-1161 


JA 8-4411 


BA 3-7700 
Fl 2-5500 
TE 8-1931 
BR 1-4744 
JU 8-8600 


TR 3-2381 


AD 5-2357 
RI 1-3361 


*T.M. Kaiser Aluminum 
& Chemical Corporation 


“New leadership in the world of aluminum” 


Please direct inquiries to advertiser, mentioning MACHINE DESIGN 





Whatever shape of rubber part you need, Garlock 
will produce it most economically and to your 
exact requirements. 


Unmatched facilities enable Garlock to mold, 
extrude, or die-cut rubber to your specifica- 
tion, ranging from the simplest, more stand- 
ard shapes and sizes to the closest tolerances 
and most intricate pieces possible. Experience 
in mixing, curing, and finishing of different 
types. of rubbers—combined with rigid Gar- 
lock quality control and test standards— 
gives you a rubber part that will do what it 
was designed to do. 


Save money with existing molds and dies. 

Over the years, Garlock has accumulated 

thousands of molds and dies. When you place 

an order for rubber parts, this stock is 

checked to see if your specifications can be 

R UBBER IN filled from an existing tool; if so, cost of new 
molds or dies is eliminated, resulting in a 
DESIGN savings to you. On the other hand, where 

new die or mold designs are necessary, your 

Garlock representative will ask for a sketch 
ENGINEERING or detailed drawing of the part. At your 
request, Garlock will furnish prototypes 

from the new die or mold for your approval. 


Wide choice of rubbers to select from. No two 
rubbers react alike to the same conditions— 
work with your Garlock rubber specialist in 
picking the right one. Garlock offers a com- 
plete line of natural, synthetic and specialty 
rubbers, one of which is best suited to your 
application. Call your Garlock representative 
at the nearest of the 26 Garlock sales offices 
and warehouses near you. Or, write for Cata- 
log AD-167. Garlock Inc., Palmyra, N. Y. 


Canadian Div.: Garlock of Canada Ltd. 


Plastics Div.: United States Gasket Company 


Order from the Garlock 2,000. . . two thousand 
different styles of Packings, Gaskets, Seals, 
Molded and Extruded Rubber, Plastic 
Products. 


GA RLOC K 
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Here’s design simplicity. 
Farval'’s Time-Tested Dualine Valve 











(in red) Lubricant under 
hydraulic pressure en- 
ters inlet at top right 
— pushing slide valve 
down and filling upper 
diagonal passage and 
chamber above main 
piston. 


(In blue) By this move- 
ment, lower head of 
piston slide valve un- 
covers lower diagonal 
passage leading from 
the main piston cham- 
ber. This chamber is 
full of lubricant from 
the previous operation. 


(In red) Lubricant under 
pressure entering 
through upper inlet port 
and into main chamber 
continues to force main 
piston downward — 


(In blue) discharging lu- 
bricant through lower 
diagonal passage to 
vertical passage and to 
outlet port leading to 
bearing. 


(In red) Lubricant en- 
tering from upper port 
has now forced the 
main piston to end of 
its stroke, and thus the 
full measured charge 
below piston has been 
delivered to the bearing. 


Note that indicator 
stem has also moved 
down, indicating main 
piston has reached end 
of its stroke, and that 
no more lubricant will 
be delivered from this 
operation. 


(In blue) Lubricant un- 
der hydraulic pressure 
enters inlet at bottom 
right — pushing slide 
valve up and filling 
lower diagonal passage 
and chamber below 
main piston. 


(In red) By this move- 
ment, upper head of 
piston slide valve un- 
covers upper diagonal 
passage leading from 
the main piston cham- 
ber. This chamber is 
full of lubricant from 
the previous operation. 


(in blue) Lubricant un- 
der pressure entering 
through lower inlet port 
and into main chamber 
continues to force main 
piston upward — 


(In red) discharging tu- 
bricant through upper 
diagonal passage to 
vertical passage and to 
outlet port leading to 
the bearing. 


(In blue) Lubricant con- 
tinuing to enter under 
pressure from the lower 
port has now forced 
main piston to the end 
of its stroke, and thus 
the full measured 
charge above piston has 
been delivered to the 
bearing. 


Indicator has reached 
its top limit, showing 
the job is done, 


That’s why JA RYAL DUALINE is 


today’s most dependable, positive system 
of centralized lubrication 


Write for free copy of Bulletin 26-T — it gives the complete Farval ‘‘Story’’. 


Only Farval has all 


No Springs 


Has But Two 
Moving Parts 
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_ + No Check Valves — 


Is Individually 


. 
. 


Adjustable 


+, , No Small Ports 


* Will Distribute 
» Either Oil Or Grease 


these vital features 
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Measures By 
Piston Displacement 


A Positive Indicator 
At Every Bearing 


Circle 242 on Page 19 


Farval Division 
Eaton Manufacturing Company 
3278 E. 80th St. « Cleveland 4, O. @ 


Farval Studies in Centralized Lubrication No. 255 





RESISTANCE TO 
PUNISHMENT of 

any severe-service part 
increased by designing 
it to be forged 


Upsetter, or horizontal forging machine 


Gear blanks for tractor and farm implement transmissions are designed to be 
upset-forged, usually with integral forged stub shafts. Forging gives these vital 
parts maximum resistance to gear-clashing shifts. Transmission life can 

be equal to equipment life when gears are FORGED. 


When you design with forgings right from the start, you take full advantage 
of the many benefits which only forgings offer: highest ratio of strength to weight 
. .. highest resistance to impact, shock, vibration, torsion .. . 
preferential orientation of flow lines in the forging to concentrate 
strength where required... absence of wasteful inclusions and voids. 


Forged parts start out as better metal . . . are made even better 
by the hammer blows or pressures of the forging process. Write 
for literature to help you design, specify, and procure forged parts. 


Whew it aw wilal pat, desiqn it to be | 
Drop Forging Association « Cleveland 13, Ohio 


Names of sponsoring companies on request to this magazine 
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EASTERN AIR DEVICES CARLIN COMPANY GILBERT & BARKER MFG. CO. STERLAIRCO DUNHAM-BUSH INC. 
INTERNATIONAL BUSINESS MACHINES COG ON DIEHL MANUFACTURING COMPANY AMERICAN-STANDARD 
CORP. WELBILT CORPORATION M R CLIMATROL DIVISION WORTHINGTON CORPORATION McLEAN 
ENGINEERING LABORATORIES YORK@E 4 BORG WARNER CORP. KRAMER TRENTON COMPANY PHILCO CORP. 
JOHN J. NESBITT, INC. GENERAL L re ‘COMPANY POWER VENT DIVISION PROGRESS MANUFACTURING CO. 
FASCO INDUSTRIES CARRIER TIONING COMPANY REMINGTON CORPORATION ELECTROMODE 
CORPORATION PARAGON-REVOL VIS! OF CHARLES BRUNING COMPANY, INC. EATON MANUFACTURING 
COMPANY BUCKEYE DIVISION IAN CORPORATION CHROMALOX R.W. BECKETT CORP. IRON 
FIREMAN MANUFACTURING COMPA ERFECTION DIVISION HUPP CORPORATION TAPPAN COMPANY 
STUDEBAKER-PACKARD CORPORATION LA AIR CONDITIONING COMPANY w CORPORATION 
BRYANT MANUFACTURING CO. BENDIX-W TINGHOU CORPORATION McCRAY@ 

JENN AIR’ PRODUCTS, INC. MARLO COIL cad ; TERNATIONAL OIL . 

COMPANY KISCO COMPANY, INC. BOEING AIRPRIME COMPANY _ 


McQUAY, INC. E.L. SCHOFIELD, INC. S RADTO corPorsth . 


CORPORATION EUREKA-WILLIAMS CORPOF AMANA an 


DIVISION ADMIRAL CORPORATIO Ox. busy INC 

MOTORFANS INC. RECOLD CORPORATION DAY” \ NIGH . 

COMPANY HOLLY GENERAL COMPANY TU y 

WRIGHT MANUFACTURING COMPANY FRIEDRIC EPR 

COMPANY FOLSOM COMPANY LARKIN in 

THE MARLEY COMPANY FORD MOTOR COMPANY 

GENERAL ‘MOTORS CORPORATION CHRYSLER CORPG 

NUWAY, CORP. MIAMI! CABINET DIVISION PHILIP™ CARY COMPANY THE WILLIAMSON COMPANY 
COPELAND REFRIGERATION COMPANY WHIRLPOOL CORPORATION AMERICAN MOTORS CORPORATION 
AUTOMATIC BURNER CORPORATION MODINE MANUFACTURING COMPA ‘ \& MASTER VIBRATOR COMPANY 
WORTHINGTON CORPORATION YOUNG RADIATOR COMPANY MOTOR EL CORPORATION REDMOND 
COMPANY INC. UNIVERSAL ELECTRIC COMPANY VENTROLA MFG. GOMPANY COOLERATOR DIVISION 
McGRAW EDISON COMPANY GIBSON REFRIGERATOR COMPANY VANITROL HEATING & AIR CONDITIONING 
DIVISION MIDLAND-ROSS CORPORATION NORMAN PRODUCTS COMPaNy U. S. AIR CONDITIONING 
WESTINGHOUSE ELECTRIC CORP. EBCOQ MANUFACTURING ‘COMPAR NEW YORK BLOWER COMPANY 
PREWAY, INC. RHEEM MANUFACTURING COMPANY JENN AIR PRODUCTS, INC. KISCO COMPANY CUSTOM-AIRE 


PRODUCTS DIVISION MINNESOTA MINING & MANUFACTURING COMPANY PURITRON CORPORATION 
a 
CUSTOMER 
LIST Is 
OUR BEST 
ADVERTISEMENT 
We design, develop, produce and test — 
fans, blowers and specialty air moving units — 
for U.S. industry. 
A distinguished customer list is 


and always will be our best advertisement! 


THE TORRINGTON MANUFACTURING COMPANY 


AIR MOVING DIVISIONS *« TORRINGTON. CONNECTICUT * VAN NUYS. CALIFORNIA « ROCHESTER. INDIANA « OAKVILLE, ONTARIO 
Circle 244 on Page 19 





FIRST FROM VEEDER-ROOT 


ea a 
i —— ii 
I” 


an electronic high-speed bi-directional counter that’s easy to attach, easy 
to use, easy to maintain. It adds, subtracts, counts up to 5000 per second, 
recycles instantly. Moderate in cost, it’s ideal for a wide range of displace- 
ment measurement jobs...on lathes, drill presses, boring mills...on linear 
or rotary optical comparators. And this is only the beginning of its useful- 
ness. To see what it can do for you write Electronic Controls Division, 
Veeder-Root Incorporated, Danvers, Mass. count on... VEEDER-ROOT 











Numerical readout tubes—in five or six digits 
make the Series A-1805 Electronic Counter 
easy to read up to 40’ away. Transistors and 
printed circuits assure trouble-free opera- 
tion. Controls include selector switches, 
power switch, reset button, pilot light. 
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MOUNT VERNON, HY. 


Uniformity and long cycle life earn preference for 
Fiexonies bellows with leading control manufacturers 


For measurement and control of process vari- A Flexonics Bellows may be the answer to your 


ables, the country’s leading instrument manu- 
facturers are specifying Flexonics Bellows. 
Uniformity of effective area and spring rate 
... adaptability to a wide variety of fittings... 
a broad range of sizes and materials . . . and 
proved long cycle life—are only a few of the 
many reasons for this strong preference. 


design problem. Send an outline of your bellows 
application — the Flexonics Application Engi- 
neering Staff will be pleased to study your 
specific problem and make recommendations. 
Or, if you prefer, write for the Flexonics 
Design Guide . . . 20 pages of valuable bellows 
information. 


B-530 


Fiexonics 
D 
3 


VISION OF CALUMET & HECLA, INC. 
Bartiett, tttinois 


FLEXONICS 

350 E. Devon Ave. | FLECON Beans IE 
Bartlett, Illinois 

Please send my personal 

copy of Flexonics 20 page 

Bellows Design Guide cov- 

ering in detail Flexonics 

products and services for 

bellows applications. 


50 ast Devon Avenue 


In CANADA 
FLEXONICS CORPORATION OF CANADA, LTD. 
BRAMPTON, ONTARIO 


FLEXIBLE METAL and SYNTHETIC HOSE 
EXPANSION JOINTS 
BELLOWS * SPECIAL TUBULAR ASSEMBLIES 
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HYDRECO 


out frontin... 


Pr DESIGN 


WAY HYDRECO SERVES YOU BETTER! 
Apart from the design of production pumps, motors, and valves, 
Hydreco engineers are continually concerned with the development 
of special hydraulic equipment for specific applications. 
For example, new industrial or mobile equipment sometimes requires 
modified or even totally new fluid power components. These custom-designed 
products are developed, tested, and proved right in our own hydraulic 
laboratory. And once perfected, they are precision manufactured. 
This ability to custom design within cost and physical limitations 
can be applied to your product design problems, too. If you manufacture 
earth moving, agricultural machinery, materials handling or industrial 
equipment, take advantage of Hydreco’s creative engineering service. 
It’s one more way Hydreco serves you better. 


HYDRECO DIVISION 
THE NEW YORK AIR BRAKE a 


e ee ee | 
. VALVES MOTORS 
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97% of pre-school children tested couldn’t open this bottle cap — 
Since hundreds of young children are poisoned every year by medi- 
cines taken accidentally, this percentage is significant. According 
to the manufacturer, Brockway Glass Company, the safety cap, 
which looks like a conventional bottle cap, is “the first major im- 
provement in prescription packages in fifty years.” Unique in design, 
it must be pressed down and turned to open—operations that chil- 


the cap turns freely without unscrewing from the bottle. 





dren five and under can rarely perform simultaneously. 


For them, 








eep an eye on packaging—it’s one of 
the liveliest areas of design and a 
source of refreshing ideas. Not only 
must it keep pace with changing 


High-density polyethylene 


outer cap 





esthetic concepts, but it also involves 
practical mechanics. This is often the 
reason why packaging designers have 
made such bold use of plastics i in work- 
ing out their plans. Plastics can pro vide 


HL 





properties that differ from those of con- 
ventional materials. And since there are 
differences among plastics, the range of 








possibilities is far-reaching. 
Under the BAKELITE Brand, for ex- 
ample, you can select from five differ- 











ent classes of plastics to fit your needs 
—polyethylenes, epoxies, phenolics, sty- 
renes, and vinyls. Molded, extruded, 
laminated, and in coatings, they can be 
a source of genuine product improve- 
ment. And from Union Carbide, you 
an get expert technical assistance in 
putting them to the best use. For in- 
formation, see Sweet’s Product Design 
File, section 2a /ui. 


BAKELITE and Union Caribe are registered trade marks of Union Carbide Corporation. 
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C-11 Inner cap 


UNION 
CARBIDE 


NEW DESIGN 
WITH TWO PLASTICS 
..A CHILD-SAFE 
BOTTLE CAP 


Two Baxeuite’Brand plastics 
work together in a totally new, 
much-needed cap for medicines 


Two plastics help make this design workable — Manufactured for the 
Brockway Glass Company by Seals, Inc.,* the new safety cap con- 
sists of two parts—an outer shell molde d of Baxexrre Brand high- 
density polyethylene, and an inner section molded of BAKELITE 
Brand C-11, an acrylonitrile-styrene copolymer. There are multiple 
advantages to this combination—eye appeal, low cost, resistance to 
chemicals and stress cracking, and durability. The toughness and 
resilience of both these materials are important mechanical features. 
Lugs on the inner cap engage those inside the outer cap when 
pressure is applied. Without pressure, the two leaf springs molded 
on the inner cap keep lugs from engaging, and the outer cap turns 
without opening. 


Molded details in two tough materials are key to function, low cost 
—Both the Baketrre high-density polyethylene and the BAKELITE 
C-11 plastic used in the cap have a degree of “give”; they are nei- 
ther brittle nor soft. It is this factor that makes the lugs disengage 
unless pressure is applied, and it also means that the lugs will not 
break off or wear down with repeated use, as might happen with a 
brittle material The list of molded-in details is impressive —screw 
thread, lugs, leaf springs, printing, knurling—yet all are readily 
formed in these plastics with a simple, economical molding operation. 

*U.S. Patent No. 2964207 


Dept. JM-84G, Union Carbide Plastics Company 
Division of Union Carbide Corporation 

270 Park Avenue, New York 17, N.Y. 

Please send me information on the use of BAKELITE 
Brand Plastics in design with Later emphasis on 
these properties__. 
Application being ng considered is ae 


NAME 





FIRM NAME 





STREET 


cITy 
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WHATNS THE 
BEST CHAIN 
FOR 
THIS JOBS 


‘ 
X 


~~ es 
ee: \ 


Your chain specialist from Link-Belt 


Working with industry’s most complete line, he will recommend 
the best chain to solve your problem—whether it be one of 
horsepower, space, speed, shock or cost 


Our chain specialists have helped manufacturers 
overcome a wide variety of chain application prob- 
lems. Their contributions to drive and conveyor de- 
sign, their ability to recommend chain precisely 
suited to the job—these are factors that make Link- 
Belt specialists welcome advisors to design and 
plant engineers. 

Application experience is important to you, of 
course. And so is our complete line of drive and 


80 


conveyor chains and sprockets. From this full line, 
our engineers can recommend the particular chain 
which exactly meets your requirements. 

This combination of experience and complete 
line makes Link-Belt your most reliable source for 
products and service in chain. See the facing page 
for a few of the many Link-Belt drive and conveyor 
chains available to you. For further information, 
contact your nearby Link-Belt office. 


MACHINE DesiIGN 





Link-Belt precision steel roller chain for drives 
and conveyors assures extra-smooth, long-life 
operation. Sidebars of premium steel are ac- 
curately machined and heat treated to resist the 
stress-on, stress-off action of today’s high-speed 
drives. Shot-peening of rollers gives greater 
fatigue life to withstand impact of sprocket 
engagement. Other Link-Belt manufacturing 
“extras” include prestressing of multiple-width 
chain, close heat-treat control, micro-finish of 
parts. Single-strand or multiple-strand chains 
are available in a variety of sizes from 4” 
through 3” pitch. 


“FULL-ROUND” design of Link-Belt LXS 
chain eliminates sharp corners, provides econ- 
omy and efficiency for the most punishing drive 
and conveying jobs. Its design eliminates stress 
concentration points encountered with many 
ordinary chains; stress is distributed evenly, 
long life assured. Design provides live bearing 
area between pins and bushings. Use of selected 
steels and controlled hardening of parts assures 
exceptional uniformity and endurance. Avail- 
able with either straight or offset sidebars. 


LXS CHAIN 


SILENT CHAIN 


Silent chain excels where other types of drives 
are impractical due to slipping tendencies. It 
assures efficient transmission of power for 
either large- or fractional-horsepower applica- 
tions. Easy assembly in tight spaces permits 
close grouping of equipment to save valuable 
floor space. High humidity and temperature 
have no effect on performance. Ratios as high 
as 10 to 1 are accommodated on relatively short 
centers. Available in a wide range of sizes from 


” 


46” to 2” pitch. 


simplifies and speeds chain selection 


Link-Belt double-pitch roller chain is supplied 
DOUBLE-PITCH ROLLER CHAIN in drive and conveyor types... 1” through 3” 
pitch. Drive chains are lighter and cost less than 
standard roller chain because they have only 
one-half the number of pins, bushings and roll- 
ers. They are ideal for moderate and slow- 
speed applications having long shaft centers. 
Conveyor types feature straight sidebars with 
either standard or large-diameter rollers. Both 
types are precision manufactured, accurately 
machined and heat-treated for long service life. 


LINK{@;BELT 


DRIVE AND CONVEYOR CHAINS 
AND SPROCKETS 


LINK-BELT COMPANY: Executive Offices, Prudential Plaza, Chicago 1. To Serve Industry There Are Link-Belt Plants, Warehouses, District Sales Offices and 
Stock Carrying Distributors in All Principal Cities. Export Office, New York 7; Australia, Marrickville (Sydney); Brazil, Sao Paulo; Canada, Scarboro 
(Toronto 13); South Africa, Springs; Switzerland, Geneva. Representatives Throughout the World. 15.611 
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Electro- Sheaves 


i, o 
puts automatic control 
on your present machines 


[ WARNER | 


ELECTRIC 


J 


without special engineering 


or machining 


Electro-Sheave Clutches available 
" P m for 1 to 25-hp applications. 
Now you can put automatic cycling, pushbutton jogging on 


practically any machine — in a way that will amaze you! You 
begin with a familiar Allen key — and without expensive engi- 
neering, without machining or tooling of any kind — you upgrade 
and modernize your present machines. See what a difference 
automatic control can make in increased production, reduced 
maintenance. 


In just ten minutes your Warner distributor can show you how 
simple it is to install an Electro-Sheave Clutch on any of your 


machines. Call him today — or mail coupon below. entry 


MOUNTS IN 10 MINUTES! 


Entire assembly 
slips over any mo- 
tor or driven shaft. 
No machining 
necessary. 


With clutch-sheave 
package in place, 
setscrews secure 
built-in shaft ex- 
tension. 


3 


Mount brushholder 
to machine frame, 
wire to control, 
Electro-Sheave is 
ready! 


WANE F ELECTRIC Pas This new 


brochure gives 
Warner Electric Brake & Clutch Co., Dept. MD-7, Beloit, Wisconsin you all the facts! 
i'm interested in your new Electro-Sheave Clutch. 
Rush me details today. 


Complete cutaway 
drawings, selection 
charts, installation 
Name___ —_______— ———— \ details on Warner's 
Title NS Oy ae x bee LOT aes . new Electro-Sheave 

Clutch. Get your 
copy now, 








Company 
Address Electro-Sheave 
City__ 








Stocked by Distributors in Principal Cities Throughout the World 
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In test flight, the X-15, America’s first manned space probe ship, has reached a speed of 
3370 mph, and an altitude of 169,600 ft. Ship was built by North American Aviation, Inc. 


How X-15 survives red-hot re-entry 


When the latest pilot-controlled re- 
search rocket plane, X-15, streaks in 
from space to re-enter the earth’s 
atmosphere, air friction heats its nose 
and leading edges to a blood red 
heat in seconds. 

“Blood red heat” temperatures 
might easily weaken the skin of the 
X-15... hopelessly soften, deform or 
destroy many other materials. 

How could designers make it pos- 
sible for X-15 and her pilot to return 
safely? 

The answer was found in an age- 
hardenable nickel-chromium alloy. 


July 6, 1961 


Developed by Inco research, it suc- 
cessfully withstands the destructive 
effect of intense heat. Even when 
red hot, it retains the strength which 
the X-15 needs to safely make its 
re-entry into the atmosphere. 

High temperature properties, ‘cor- 
rosion resistance, strength, elasticity, 
beauty ...so many varied advantages 


can be achieved through the use of 
Nickel in metals. 


if your business is metals, or if you 
use metals in your business, call on 
Inco for the latest information about 
how Nickel and its alloys can help 
you. The International Nickel Com- 
pany, Inc.,67 Wall Street, New York 
5, BX 


IN ae 
ao, Inco Nickel 


’ 


NICKEL MAKES ALLOYS PERFORM BETTER LONGER 


Please direct inquiries to advertiser, mentioning MACHINE DESIGN 83 





CARBON 
STEEL 


ASTM A-178 
BOILER TUBES 


STAINLESS 
STEEL 


ad To ASTM A-270 


SANITARY TUBES 


CARBON 
STEEL 


To 20” 
Periphery 


SQUARE TUBES 


“\ STAINLESS 
STEEL 
| 


Beading 
Punching 


FABRICATED TUBES 


CARBON 
STEEL 


Also 
Stainless 
Steel 
GROOVED 
END TUBES 


Fs 
STAINLESS 
STEEL 


HEAT 
EXCHANGER TUBES 


’ STAINLESS 
STEEL 


CARBON 


To ASTM A-214 
HEAT EXCHANGER TUBES 


STAINLESS 
STEEL 


4 


Exhaust Stacks 


AIRCRAFT 


CARBON 
STEEL 


For Corrosion 
METALLIZED TUBES 


STAINLESS 
STEEL 


Squares, S 
ORNAMENTAL TI 


CARBON 
STEEL 


/ 


Republic Spec-101 
STRUCTURAL TUBES 


TUBES 


STAINLESS 


eZ 


Schedule 40S 


PIPE 


CARBON 
STEEL 


Special 
Smooth |.D. 


CYLINDER TUBES 


STAINLESS 
STEEL 


POLISHED TUBES 


CARBON 
STEEL 


Full 
Range of Sizes 


REFRIGERATION TUBES 


STAINLESS 
STEEL 


¢ : 
To 5" 0.D 


MECHANICAL TUBE 


CARBON 
STEEL 


To J.1.C. Standards 
HYDRAULIC FLUID LINE 


STAINLESS 


EVAPORATOR 


T Uisia > 


CARBON 
STEEL 


To 4’x6" 
Structural Grade 
RECTANGULAR TUBES 


STAINLESS 


V4 
¢ e 


Schedule 10S 


LIGHTWEIGHT PIPE 


CARBON 
STEEL 


Technical 
Assistance 
FABRICATED TUBES 


STAINLESS 
STEEL 


)Q 


HEAT RESISTANT 


CARBON 
STEEL 


%”" Thru 
6” 0.D. 
16 Gage 
and Heavier 


HOT-ROLLED TUBES 


STAINLESS 
STEEL 


BRIGHT ANNEALED 


CARBON 
STEEL 


To ASTM A-178 
WATER WALL TUBES 


STAINLESS 
STEEL 


CARBON 
STEEL 


Full 
Range of Sizes 
AIR PREHEATER TUBES 


STAINLESS 
STEEL 


CARBON 
STEEL 


22 to 10 Gage 
46" Thru 6” O.D. 


COLD ROLLED TUBES 


STAINLESS 
STEEL 


CARBON 
STEEL 


For 
Mechanical Use 


MANDREL DRAWN TUBE 





PROBLEM-SOLVING KNOW-HOW AND EXPERIENCE 
have made Republic a leader in custom production 


TRIM COLD FINISHED BAR COSTS. Republic's CENTURY 
SERIES offers five grades of high-strength, stress- 
of Fastener and Formed Parts “Specials.” Whenever relieved, cold finished bars, each with a minimum yield 
strength of 100,000 psi. For highly machined parts, use 
C-1144. Moderately machined parts—C-1140 or C-1151. 


For parts where machinability is a minor factor—C-1050 


standard fasteners can't do the job, you'll save time 
ond money by contacting Republic. Write for data 
on Republic design, engineering, and production 


services. Circle 251 on Page 19 


or C-1045. Send for complete data. Circle 252 on Page 19 


Strong, Modern, Dependable 





World’s Largest Producer 


of SPECIALTY 
WELDED TUBING 


Challenge us to come up with a solution to your 
toughest tubing applications. 

We will produce the best possible answer drawn 
from Republic’s full line of quality welded steel 
tubing and more than 50 years of applied engi- 
neering experience. 

This claim is made with confidence. Our cus- 
tomers regularly hand us their tubing problems, 
and the results have provided mutual satisfaction. 

Manufactured at the Steel and Tubes Division, 
Republic Tubing is welded by the ELECTRUNITE® 
process—a continuous electric weld method which 
unites the wall under pressure without foreign or 
extra metal. Among other advantages, this proc- 
ess assures uniformity of wall thickness, strength, 
ductility, and concentricity. 

Republic, the pioneer in this improved welding 
process, was also the first to provide a non- 
destructive electronic production method of 
testing tubing used for critical pressure applica- 
tions. This is known to the trade as FARROWTEST®. 

Next time you have a tubing application or 
problem, take advantage of Republic’s prompt 
delivery, engineering services, and complete range 
of carbon and stainless steels for mechanical, 
structural, and pressure uses. 

Call your nearest Steel and Tubes representa- 
tive or contact us direct. 


oe) 


REPUBLIC STEEL 


REPUBLIC HAS THE FEEL FOR MODERN STEEL 


FOR ADDED MACHINABILITY, consider Republic Cold Drawn Leaded 
Alloy Steels. Leading producers of gears use Republic Leaded Alloy 
Steel in the manufacture of heavy-duty herringbone gears. Addition of 
lead increases machinability as much as 25%. Heat treating assures 
adequate hardness and toughness. Cost-reducing Republic Alloys are 
available in almost every standard analysis and many specials. Mail 
the coupon for information. Circle 253 on Page 19 





Check this listing of Republic Steel 
Tubing and Pipe. Which have possible 
applications in your products? 


STAINLESS STEEL 
Pressure Tubing 

(] Condenser Tubes 
CD Pipe—Schedule 40S 
C- Sanitary Tubes 

C Heat Resistant 

() Evaporator Tubes 
OC Bright Annealed 


CT) Pipe—Lightweight 
Schedule 10S—5S 


CJ Heat Exchanger 
Tubes 


Mechanical Tubing 
CD Aircraft Exhaust 


CD Special Shapes 

CI Fabricating Facilities 
CD Polished Tubing 

( Ornamental Tubing 


(J Clad Tubing 
Carbon—Stainless 





Cut out and send this check 
list for descriptive literature 
on Republic Tubing and Pipe 
applicable to your products. 


CARBON STEEL 
Pressure Tubing 
(C0 Boiler Tubes 


C Heat. Exchanger 
Tubes 


(C Hydraulic Fluid Line 
(C0 Grooved End Tubes 
ZC Refrigerator Tubes 
(C Water Wall Tubes 
(C Superheater Tubes 
() Condenser Tubes 
CD Evaporator Tubes 


Mechanical Tubing 
C Air Preheater 
C) Square Tubes 
CD Rectangular Tubes 


C7 Special Smooth |. D. 
Hydraulic Cylinder 
Tubes 


C— Hot Rolled Tubes 

C— Cold Rolled Tubes 
C— Metallized Tubes 

CZ Structural Tubes 

C Fabricating Facilities 
(J Drawn Tubes 
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REPUBLIC STEEL CORPORATION 


DEPT. MD-2158 


1441 REPUBLIC BUILDING + CLEVELAND 1, OHIO 


Please also send me information on: 


O Republic Cold Drawn Leaded Alloy Steels 
O Republic Formed Part “Specials” 


O Republic Century Series 


Name 





Company. 





Address 





City 





Zone_____ State 





Philadelphia Precision Ground Gearing 
Increases Sensitivity of New Vacuum Arc Furnace 



































Philadelphia precision ground gearing is responsible for 
smoother, more efficient operation of a new consum- 
able electrode vacuum arc melting furnace installed at 
Standard Steel Works Division of Baldwin-Lima- 
Hamilton Corporation. 

This specially designed differential reduction, plane- 
tary gear drive greatly increased the efficiency of the 
furnace. The old problem of stop-start action with 
uneven electrode burnoff has been completely elimin- 
ated. Now, uniform electrode feed permits arc voltage 
to be maintained within +.1 Volt. Electrode burnoff 
is uniform. 

This drive problem is typical of hundreds that have 
been solved with Philadelphia hardened, precision 


ground gearing . . . problems where improved gear 
accuracies have resulted in space and weight savings, 
higher-speed operation, reduced sound and vibration 
levels, and longer gear life—all at no increase in cost. 

Our experienced engineering staff, specialists in all 
types of power transmission problems, make sure that 
proper design and materials combine to meet your 
most exacting needs. 


For more complete information, 
write on your company letterhead 
for our Catalog: AN ADVANCED 
CONCEPT IN MODERN GEARS. 


philadelphia gear drives 


PHILADELPHIA GEAR CORPORATION 


King of Prussia (Suburban Philadelphia), Pennsylvania 
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to fasten 
panels 
or pars... 


LIGHT, STRONG 


TRIMOUNT 
STUDS 


Designed for rapid assembly of sheet-metal, 
plastic or composite structures, Dot Trimount 
studs are available in both permanent and remov- 
able types. They can be pushed into drilled, 
stamped or molded holes by finger-pressure alone 
yet they lock positively in place and resist con- 
stant vibration. 


Studs can be designed in steel or brass with var- 
ious flange configurations for clinch, clip or clamp 
attachment to flexible or rigid panels as well as 
for push-through assembly. Available in all stand- 
ard finishes... with or without decorative caps. 


DESIGN 
ENGINEERING SERVICE 


Designers, metallurgists and plastics specialists 
on Dot’s engineering staff are equipped to work 
out optimum combinations of metal and plastics 
to suit your particular requirements. 


> For further details, 
write for Engineering Data Catalog, Section H 
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Push Rivet Stud Push Rivet Stud Push Rivet Stud 
Shoulder Type (Capped) Tapered Type (Capped) Shoulder Type (Not Capped? 


€ 


Push Rivet Stud Clinch Type Stud Clip-on Stud 
Tapered Type (Not Capped) 


¢ 


Trim Stud Trim Stud Panel Type Stud 
Barrel Type Scissors Type 


Loop Type Stud Panel Stud Panel Stud 
Staple Type Hook-on Type 


TENER COMPANY 


Division of United-Carr Fastener Corporation, Cambridge 42, Mass. 


a % 
STEN 


A Offices in: Atlanta, Boston, Chicago, Cleveland, Dallas, Detroit, 
Kalamazoo, Los Angeles, Louisville, New York, Philadelphia, San Francisco, Seattle, Syracuse 
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Learn why J-M Clipper’ Seals give 
you better protection for bearings 


J-M Clipper Seals protect better be- 
cause each is specially compounded 
to do its specific job. When you in- 
stall the right Clipper Seal for your 
service conditions, it keeps lubricant 
in, seals out damaging dirt and grit 
... resists heat, speed and corrosive 
chemicals... gives you long, efficient 
protection. Here are the reasons why 
you can count on Clipper Seals for 
better service: 


DUAL-COMPOUND CONSTRUCTION. 
A Clipper Seal consists of a soft, flex- 
ible lip and a tough, dense asbestos- 
compound heel, concentrically mold- 
ed into one unit. There’s nothing in 
a Clipper Seal that can rust, corrode 
or cause pitting of bore surfaces. In 
styles using a garter ring, even the 
spring is made of stainless steel. 


DESIGN. J-M offers many design 
cross-sections to assure better pro- 
tection and efficient sealing between 
regular overhauls. 


SPECIAL MATERIALS. J-M will 
precision-mold Clipper Seals from 
materials that best suit your require- 
ments. J-M is equipped to work with 
many materials: elastomers, includ- 
ing Du Pont Teflon... neoprene... 
silicones . . . and fluorinated, poly- 
acrylic or other rubbers. 


EASY INSTALLATION. Clipper Seals 
come away clean and easy. Replace- 
ment is fast, and requires no spe- 
cial tools or adhesives. You’ll never 


J OHNS-MANVILLE 
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have to scrape or refinish bore sur- 
faces, because the compound heel 
protects the bore from damage. For 
quick, temporary replacement, 
Johns-Manville produces a special 
split seal. 


SELECTION. Your J-M Distributor 
is a seal specialist. Just tell him your 
service conditions, and he will help 
you make exactly the right selection 
from J-M’s wide range of designs, 
compounds and durometer stocks. 


For complete information, see your 
J-M Distributor. Or write to Johns- 
Manville, Box 14, New York 16, N.Y. 
In Canada, address Port Credit, Ont. 


JOHNS -MANVILLE 


PRODUCTS 


CLIPPER SEALS 
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Design 
with Air in Mind 


The range of control systems available 
with the Bellows Air Motor® (the air 
cylinder with the built-in valve) gives the 
engineer a flexibility in design that not 
only lessens his work but enables him 
to build his machine at lower cost. Not 
only to build it at lower cost but to build 
it to perform more efficiently and at 
lower cost to the user. 


Wherever a push, pull, lift or turn motion 
is performed by mechanical means, 
such as cams, gears, levers or linkages, 
you'll save all the way down the line— 
by designing with air in mind. 


One of the more than 200 trained 
Bellows-Valvair Field Engineers will be 
happy to work with you in applying 
economical air power to your specific 
projects. Write today to Dept. MD-761 
for Bulletins BM-25 and FP-60. 





Bellows -\/alvair 


DIVISION OF INTERNATIONAL BASIC ECONO CORPORATION (IBEC) 


\\ Hy 








July 6, 1961 Circle 256 on Page 19 





Engineering Data 





HOLLOW SHAFT WORM GEAR SPEED REDUCERS 


single and double reduction... torque arm and flange mounted models 


CAST IRON HOUSINGS 
designed for high heat radiation. 
One-piece construction, close- 
grained gray iron for maximum 
strength and rigidity. 


CASE-HARDENED STEEL WORMS 
cut integral with the shaft. Heat 
treated for close-grained tough 
core, carburized and hardened 
before grinding. Meet AGMA 
long-wear specifications. 


TAPERED ROLLER BEARINGS 
for minimum maintenance, long 
bearing life and permanent shaft 
alignment.High radial and thrust 
load capacity. 


HOLLOW SLOW SPEED SHAFTS: 


in wide range of standard bore 
sizes and keyways. Mounts on 
shaft of driven machine without 
bushings—two external slots 
facilitate removal with standard 
wheel puller. 


@ 72 Models 
@ .047 to 8.82 H.P. 
@ Ratios 72:1 to 4466:1 


@ Max. Output Torque 
876 to 7678 in. /bs. 


SPECIAL BRONZE WORM GEARS 
Cast to reeommended AGMA 
standards. Low coefficients of 
friction and thermal expan- 
sion for cooler, more efficient 
operation. 


POSITIVE OIL SEALS 

keep oil in, dirt out. Shafts 
lapped to micro-finish under 
seals for uniform contact. 
longer seal life. 


AVAILABLE in single reduction 
(Series ST and SF) and double 
reduction (Series STD and SFD) 
—torque arm (“T” models) and 
flange mounted (“F” models) — 
for intermittent or continuous 
service. Hollow shaft slow 
speed assembly of “ST” series 
interchangeable with Winsmith 
“CB” and “CT” Series with foot 
mounted housings. For further 
information on these latter 
units, write Winsmith Engineer- 
ing Department. 


Winsmith Hollow Shaft Speed Reducers cover a broad range of power 
transmission requirements for both single and double reduction drives. 
Their worm gearing provides much higher reduction ratios than are pos- 
sible in comparable size units using other types of gearing. Winsmith 
Hollow Shaft models are designed for all applications where it is ad- 
vantageous to mount the reducer on the shaft of the driven machine. 
They are compact, easy to install and require less space than conven- 
tional units. Their design and construction provide high shock load 
resistance; maximum thermal capacity without induced cooling; 
greater overhung capacity; and a high degree of standardization which 
eliminates excessive special application engineering. 

Write today for complete information or call your nearest Winsmith 
Representative listed in the Yellow Pages. He is a technically trained 
expert who is always ready to help you with any speed reducer problem. 
For both standard and special power transmission applications, you’ll 
find it pays to standardize on Winsmith. 


WINSMITH, INC. 
202 Eaton Street, Springville, (Erie County), New York 


e e e Winsmith Speed Reducers are made by American craftsmen to meet American design and production standards. 
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If you use or design for compressed air 
...and don't have this new catalog... 








COLORADO 


ewoods, 
c A. NORGREN co. + ENGL 


cae eceneneerccemem 


Please fill out this coupon or write on your company letterhead 


To: C. A. NORGREN Co., 3442 So. Elati St., Englewood, Colo. 


FOUNDED IN 1926 Gentlemen: Please send me without cost or obligation your new cat- 
alog, No. 1000, on the complete Norgren line of pneumatic products. 


C.A.NORGREN COB 


3442 SOUTH ELATI STREET LL ee ee Ee 
ENGLEWOOD, COLORADO 


"(Please print) 





Company Name____ 


Company Address__ 
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engineered electrical products 


SEILE: 


GISHOLT MACHINE COMPANY 

incorporates McGILL CAMROL® 
bearing accuracy into tooling 
set-ups 


Gisholt Machine Company takes 

advantage of the cost and per- 

formance features of CAMROL 

CF series bearings, (with inte- © 

gral stud), on a group of standard 

bar tools for mounting on the 

_ turrets of Gisholt Masterline 

_ Turret Lathes. A representative 
tool of this group is the Multiple 

Cutter Turner shown. | 


‘4 


—_— 


precision needle roller bearings 


MSGILL’ canmrok’ BEARINGS 


are proven performers—with cost 
and assembly advantages 


McGILL CAMROL bearings have rolled up an unequalled 25-year his- 
tory of high performance and dependability — with the cost savings of 
standard bearings over built up shaft and roller units. They eliminate 
the time-consuming intricacies of procurement and assembly of parts 
for improvised bolt, bearing and washer followers. You, too, can rely on 
the designed-in ability of CAMROL bearings to accept intermittent 
shock and fluctuating heavy loading coincident to cam action, track or 
guide and support applications. CAMROL bearings are built for stock 
in roller diameters from 14” to 4” in the CF series with integral stud 
and the Cyr series for shaft mounting. Both types are available with or 
without positive, integral seals for retention of prelubrication and proe 
tection against contaminants. Following are typical applications. 


CF CAMROL® bearings provide rolling contact in automatic 


soot blowers 


Diamond Power Specialty 
Corporation has incorporated 
MCGILL CAMROL bearings into 
the design of their Model IR 
Short Retraction blowers to 
produce a smooth rolling con- 
tact between cam flange and 
latch bar. This equipment is 
used for cleaning water cooled 
furnace walls, hopper slopes 
or narrow portions of tube 
banks adjacent to walls auto- 
matically. 








FEDERAL MACHINE and WELDER 
COMPANY puts McGILL uniform 
quality into welding equipment 


The anti-friction welder head unit, 
shown, is one of the several applica- 
tions of MCGILL CF CAMROL bear- 
ings in Federal Machine and Welder 
Co. equipment. CAMROL bearings are 
used in weld heads, transfer slides and 
various other uses where a precision, 
smooth, uniform movement is desired. 
Low cost, uniform quality, excellent 
performance and exceptional length of 
life are benefits gained in eleven years 
of use of CAMROL bearings. 

Both the regular CF Series and the pre- 
lubricated and sealed scF Series CAM- 
ROL bearings are used in Federal 
equipment. 


CAMROL 
BEARINGS 


Send for free copy of MeGILL Bearing Catalog No. 52-A. 


MULTIROL-GUIDEROL-CAMROL-CAGEROL 


McGILL MANUFACTURING CO., INC., Bearing Division 
200 N. Lafayette Street, Valparaiso, Indiana 
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FRESH IDEAS IN RELAYS... 
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CHOICE of below- 
chassis or above- 
chassis connecting 
in plastic enclosures. 





MULTI-USE terminals allow 
soldering, insertion in printed 
circuit board, and use of AMP 
Style 110 push-on terminals. 











ALLTERMINALS on 
one panel... permits 
insertion in printed 
circuit board. 





SPECIFICATIONS 


CONTACTS: /ntegral with 
terminals; up to 3PDT; 
5 amp, 115 VAC or 32 VDC. 
Stationary contacts, fine 
silver inlay material; mov- 
able, solid fine silver. 


COILS: Up to 230 VAC at 
60 cps or 115 VDC. 
ENCLOSURES: Clear 
plastic. 

TERMINAL PANELS: 
Barrier type or octal plug. 
LATCHING RELAY: 
Available enclosedinclear 
plastic with plug-in mount- 
ing; or unenclosed, 


OCTAL PLUG relays up to 
DPDT have recessed pin 
bases... meet UL spacing 
requirements to 150 V. 











Stocked for Immediate 
Delivery From 
Distributors or Factory... 
WRITE FOR BULLETIN 166 


OHMITE 


OHMITE MANUFACTURING COMPANY 


3618 Howard Street 
Skokie, Illinois 


Rheostats « Power Resistors 
Precision Resistors 

Variable Transformers 

Tantalum Capacitors « Tap Switches 
Micromodules « Relays 

R.F. Chokes « Germanium Diodes 
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ALL ENCLOSED re- 
lays mount solidly 
on base... not on 
covers. 








INTEGRAL plug-in 
base up to DPDT 
avoids wiring be- 
tween contact ter- 
minals and pins. 
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Most versatile 





transmission 
ever developed! 


ONLY ROTO-MISSION GIVES YOU 
ALL THESE FEATURES 


Concentric configuration 
Minimum size for a specified torque 
Reduction ratios up to 270:1 


Optional torque capacities for each reduction 
ratio 


Torques up to 21,850 Ib.-ft. 
Requires neither driving pulley nor coupling 


Casehardened helical gears—ground after 
hardening for perfect engagement 


Reversible 


Progressive overload capacity to the extent 
that no breakage of gears can result even 
from the severest abuse 

e *Ability to engage or disengage driving action 
—mechanically, pneumatically, hydraulically 
or electrically 


e *Ability to provide load releasing, load limiting 
or overload alarm 


@ *Ability to provide 2-speed operation 


*Standardized accessories to provide these features are 
available for all sizes of Roto-Mission from stock. This 
results in a single responsibility for installation 


performance. 
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PATENTED 





This new rotary transmission design combines a 
wide range of reduction ratios, high torque capaci- 
ties, and excellent space-saving characteristics to 
give you more application versatility than ever 
before possible. It is designed to be concentrically 
mounted on a machine drive shaft in place of 
the drive pulley and operate this shaft at a reduced 
speed from that of the driving motor. For maxi- 
mum compactness and convenience, all its parts 
are inside the casing. 

The standard accessories available for each 
model of Roto-Mission add even greater versatil- 
ity. Through them you have systems—from a 
single source—capable of control functions that 
previously required a number of unmatched units 
from several suppliers. 

Because of its versatility and sound engineering, 
Roto-Mission permits you to solve design prob- 
lems far beyond the range of other transmissions 
—may even permit incorporation of features in 
your machines that have not previously been 
possible. For complete information on this new 
product—how it operates and how it can help you 
—write today for catalog IR-61. 
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Engineered Equipment for Aircraft and Industry 
AIRBORNE ACCESSORIES CORPORATION 


HILLSIDE 5, NEW JERSEY «+ 
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Offices in Los Angeles and Dallas 
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1/200 thru 200 HP 








from machine tools to typewriters .. . 


..- Robbins & Myers 


motors power them all! 


Each R&M motor, 1/200 through 200 HP, is electri- 
cally and mechanically designed with life-prolonging 
features which assure dependable operation, simplified 
installation and low maintenance. From rugged machine 
tools to complex business machines, there’s an R&M 
motor for every job... Fractional and Integral H.P. 
Motors and Motor Parts in all popular mountings, elec- 
trical types and enclosures. Most are ready for off-the- 
shelf delivery. Others can be quickly produced. Should 
you require custom motors, R&M’s experienced appli- 
cation engineers, aided by modern electronic computers, 
can furnish the one design best suited to your needs. 


Write today for information, or send your powering 
problem to R&M. No obligation, of course! 


integral motors, 
1 thru 200 hp 


special application, 


1/100 thru 1/3 hp 
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fractional motors, 
1/200 to 1 hp 


universal 
or series parts, 
1/50 to 1/2 hp 


ROBBINS & MYERS, INC., Springtieid, Ohio 


Fractional and Integral HP Electric Motors * Electric Hoists and Overhead Traveling Cranes * Moynog Industrial Pumps 
Propellair, Industrial Fans * R&M-Hunter Fans and Electric Heat * Trade-Wind Range Hoods and Ventilators 
Subsidiary companies at: Memphis, Tenn., Pico Rivera, Calif., Brantford, Ontario. 
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ROD GLAND-—Easily re- 
moved. No need to loosen tie 
rods. Cuts maintenance time 
in half. Phenolic bearing insert 
will not score rod. Cuts re- 
placement cost to a minimum. 


Do the cylinders you buy 
include these 
quality features? 


ROD PACKING-—Interlock- 
ing multiple lip seals require 
no adjustments; remain flexi- 
ble under fluid pressure. Wear 
compensating function elimi- 
nates frequent replacement. 


PISTON—Phenolic piston 
will not score tube. Packing 
cups used for proven long 
life and seal. Cups are easily 
replaced. Piston positively 
locked to rod. 


CUSHION—Minimum clear- 
ance between piston and 
Meehanite Bushing combined 
with micrometer metering 
givestop cushioning efficiency 
and a wide adjusting range. 


This high-pressure 
hydraulic cylinder is representative 
of the complete line of quality fluid 

circuitry components available from Westinghouse 


* 

if not, the chances are, your maintenance costs are higher 
than necessary. For more information about Quality Fluid Circui- 
try Controls for trouble-free automation, ask for Catalog A3-56.00. 


See the Yellow Pages under Cylinders for the Name of Your 
Local Distributor, or refer to Sweet's Catalog, Product Design File. 


WESTINGHOUSE AIR BRAKE COMPANY 


INDUSTRIAL PRODUCTS DIVISION, WILMERDING, PENNSYLVANIA 
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Lamb Electric's “Clean Room’ insures 
fractional horsepower motor perfection 


For assembly of small precision gear motors, Lamb® Electric 
has installed an air-conditioned, dust-free “Clean Room’. 
This innovation, primarily for the assembly of these custom- 
built motors, is essential for eliminating even particles of dust. 


The “Clean Room”’ is typical of progressive Lamb thinking 
that insures perfection in fractional horsepower motor design 
and manufacture. 

Do you have a special motor problem? . . . Here’s what you 
can expect from Lamb! Into the design of a Lamb motor goes 
years of experience in powering components for aircraft, 
domestic and industrial products. Out of the design comes a 
personalized motor that’s dependable, smooth and efficient. 


Cost-wise you’re way ahead, because Lamb Motors are 
mass-produced at the most favorable cost. 


Write today for descriptive folder. Or ask to have a District 
Engineer call and set up a personalized ‘“‘Motor Conference”’. 
THE LAMB ELECTRIC COMPANY : Kent. Ohio 


A Division of American Machine and Metals, Inc. 
In Canada: Lamb Electric—Division of Sangamo Company, Ltd. 
Leaside, Ontario 
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Lamb SPECIAL APPLICATION MOTORS 


FRACTIONAL HORSEPOWER 


Divisions of American Machine and Metals, Inc., New York 7, New York TROY LAUNDRY MACHINERY 
RIEHLE TESTING MACHINES « DE BOTHEZAT FANS * TOLHURST CENTRIFUGALS « FILTRATION ENGINEERS * FILTRATION FABRICS 
NIAGARA FILTERS « UNITED STATES GAUGE * RAHM INSTRUMENTS * LAMB ELECTRIC CO. *» HUNTER SPRING CO. * GLASER-STEERS CORP. 





in at top...out at bottom 
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The unloading device at the bottom of this A. O. Smith 
Corporation Harvestore Storage Unit incorporates both a 
cutter chain (A) and a conveyor (B). 


Sweep-arm unloader 
mechanizes Harvestore 
materials storage 


This mechanical bottom unloader provides an 
efficient means for feeding out tons of free-flowing 
bulk material—even though additional tons of farm 
or industrial materials may be loaded on top. As the 
sweep-arm passes around the bottom of the unit, cut- 
ters attached to its chain loosen tightly packed ma- 
terial and move it to the center. There it drops to an- 
other subfloor chain conveyor and is carried outside. 


Two types of Jeffrey chain contribute to the de- 
pendable performance of the Harvestore Unit. STR 
chain on the sweep arm has special attachments on 
which cutters are mounted. Both the cutter chain 
and the Jeffrey Combination Chain used on the con- 
veyor are unusual, in that they operate on their side, 
thereby requiring a quality product. 


Jeffrey chain is designed for hard service—built for 
rugged going—whether employed for power transmis- 
sion, conveying or digging. For engineering assist- 
ance in applying Jeffrey chain to your equipment, 
write The Jeffrey Manufacturing Company, 798 
North Fourth Street, Columbus 16, Ohio. 


ONT IIT T3% 


/f it’s conveyed, processed or mined, it’s a job for Jeffrey. 
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OMIM CUMS 
worry- proofed 
at the factory 


Other spring fasteners may look like Tinnerman 
SPEED Nuts. But only the 7-marked ones really are 
SPEED NUuTs... really are “Tinnermans”. . . made to 
highest quality and precision standards to assure 
worry-proof performance on your assembly. 

Here’s what the exclusive Tinnerman T-mark 
means to fastener users : 

Over thirty-five years of Tinnerman experience as 
the originator and largest producer of spring-steel fas- 
teners...the leader in solving your fastening problems, 

Outstanding fastener design and production experi- 


CANADA: Dominion Fasteners Ltd., Hamilton, Ontario. 
GREAT BRITAIN: Simmonds Aerocessories Ltd., Treforest, Wales. 


FRANCE: Simmonds S.A., 3 rue Salomon de Rothschild, Suresnes (Seine). 


GERMANY: Mecano Simmonds GMBH, Heidelberg. 


ence that assures you the best possible design of SPEED 
NutT, whether it is a special SPEED NUT or one of the 
10,000 SPEED NutT brand fasteners presently available, 

Stringent control of SPEED NuT quality from coil 
strip to you, including die design, production, heat 
treatment and finishing. 

Be sure you specify “Tinnerman T-marked SPEED 
Nuts” that give you better fastening, that cut parts 
and assembly costs, that never let you or your cus- 


tomer down. Tinnerman Products, Inc., Dept. 12, 
Box 6688, Cleveland 1, Ohio. 


TINNERMAN 
Sized eae 


Look for the Tinnerman “1” ? 
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Because we've always 
welcomed “‘little’’ jobs, too— 


We’ve become 
the biggest in the 
investment 
casting field... 


No investment casting job has ever been or ever will 
be too small for us. 


WE DON’T HAVE ANY “SIDELINES,” nor is invest- 
ment casting only a sideline with us. It is the “be-all 
and end-all’ of our economic existence. 


AS A RESULT: anybody who thinks that an invest- 
ment casting will help him solve a problem gets the 
unqualified attention of the top talent we have to 
offer—from our trained field engineers, our design 
engineers, our estimating staff, our tooling men, 
and our production specialists. No one of these 
groups cares whether your order is for 50 parts or 
100,000. If they accept the order, they want it 
handled to or above “specs”. 


WHY? SIMPLY BECAUSE THESE MEN ARE DEDI- 
CATED to producing the finest that the process can 
deliver in any design, in any castable alloy and in 
quantities so small that it might surprise you. 
THEIR ATTITUDE IS FAR FROM PHILAN- 
THROPIC; they realize full well that your “little 
ones” may soon grow up. 

ARWOOD IS READY WHEN THEY DO... more so 
than any other investment caster. In fact, we can 


Machine the simple... cast the complex 
A complete service from design through tooling, 


production and finish machining. Seventy - one 
engineering representatives from coast to coast. 


ARWOOD CORPORATION - 


take in stride all the volume that’s required. Our 
five plants, each fully integrated, can handle the 
biggest job you can offer. 


ONCE THE PROTOTYPE PHASE IS COMPLETED, 
Arwood can give you the quantity production you 
need, and deliver it when you need it. 


WHAT MORE CAN WE SAY? Simply this. Most 
“difficult” components, no matter what the alloy or 
quantity, might well be produced as an Arwood 
investment casting... and THE COST IS OFTEN 
EXTREMELY LOW, compared with conventional 
methods. 


ON THE OTHER HAND, IF WE CAN’T DO IT— 
and do it economically—we’ll be the first to tell you 
so immediately. We’d rather lose an order than a 
customer. Try us and see. 





ARE YOU REALLY UP-TO-DATE ON WHAT 
INVESTMENT CASTING CAN DO? Our 48-page 
“Practical Guide” gives forthright answers... tells 
how to design for the process, gives complete tables 
on properties. It’s yours for the asking. 


-arwood -= 


315 West 44th Street, New York 36, New York 


PLANTS IN BROOKLYN, N. Y.; TILTON, N. H.; GROTON, CONN.; LOS ANGELES AND LA VERNE, CALIF. 
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WHY RISK LOSS OF 
GEAR SHAPER PERFORMANCE? 


Give your products all the high-production, high precision advantages 


of Fellows Gear Shaper performance by tooling up with Fellows cutters. 


The better design of Fellows cutters is the result of advanced 
engineering techniques, including the use of a high-speed computer 
for solving design and application problems. Their better quality 

is the result of constant advances in metallurgy and manufacturing 
methods. And, proof of their better performance are the thousands of 


Fellows cutters in use on modern gear production lines. 


Fellows cutters on Fellows machines lower costs and speed 


production on external and internal, spur and helical 


involute Hears and a wide variety 


of non-involute shapes as well. All 
Fellows Offices are at your service 


for providing information. 


THE FELLOWS GEAR SHAPER COMPANY 

78 River Street, Springfield, Vermont, U.S.A. 

Branch Offices: 
1048 North Woodward Ave., Royal Oak, Mich. 
150 West Pleasant Ave., Maywood, N. J. 
5835 West North Avenue, Chicago 39 

THE 6214 West Manchester Ave., Los Angeles 45 
PRECISION 


LINE Gear Production Equipment 
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Mr. Design Engineer: 
Is high torque strength of interest to you? 


Take a look at the reinforced Plaskon® Nylon specified by a prominent manufacturer for their newest outboard 
propeller. The material is Nylafil G-3 — Plaskon Nylon reinforced with glass fibers under carefully controlled 
conditions by the Fiberfil Corporation, Warsaw, Indiana. 
They chose this material because of its outstanding tensile and flexural strength which enables it to meet the 
high torque requirements of an outboard propeller. Also important are its excellent resistance to corrosion and 
electrolysis, outstanding impact resistance, light weight, improved dimensional stability, and fine resistance 
to abrasion (propellers are tested by running over sand bars and oyster beds). ' are 
Even if your field isn’t marine engineering, these properties should be of interest to | llied 
your particular design problem. Let our Applications Engineering Group work with cit 
you — write our Nylon Design Department. ! hemical 
PLASTICS DIVISION 
40 Rector Street, New York 6, N. Y. BASIC TO AMERICA’S PROGRESS 
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KHP SERIES SHOWN ACTUAL SIZE 


having rare longevity 


This small, 4-pole relay has the happy faculty of maintaining its original operating 
tolerances over an exceptionally long life. Example: tests (by customers!) show this 
relay has variations in electrical characteristics of less than 5% after more than 100 
million operations. 

But that’s far from all. This is a smai/ relay . . . about a one inch cube. This relay 
is easy to install using the conveniently spaced solder lugs or a socket. Thus you 
save time and production costs. This relay is versatile . . . its 4PDT contacts will 
switch loads from dry circuit up to 3 amperes. This relay—well, why not order samples 
and see for yourself! Order today from your P&B representative or call us at Fulton 
5-5251, in Princeton, Indiana. 
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KHP SERIES SPECIFICATIONS 
CONTACTS: 
Arrangement: 4 Form C, 2 Form Z. 


Material: %)” dia. Silver standard. Silver cad- 
mium oxide and gold alloy availabie. 

Rating: 3 amps @ 30 volts DC or 115 volts AC 
resistive for 100,000 operations. 

COILS: 

Resistance: 11,000 ohms max. 

Temperature: Operating Ambient: —45°C. to 
+70°C. 


Power: 0.5 watts min operate @ 25°C. 0.9 
watts nom. @ 25°C. 2.0 watts max. @ 25°C. 


TIMING VALUES: 

Nominal Voltage @ 25°C. Max. Values 
Pull-in time 15 ms 
Drop-out time 5 ms 

INSULATION RESISTANCE: 1500 megohms min. 

DIELECTRIC STRENGTH: 

500 Volts RMS 60 cycles between contacts. 

1000 Volts RMS 60 cycles between other elements. 

MECH. LIFE: In excess of 100 million cycles. 

SOCKET: Solder lug or printed circuit terminals. 
Available as accessory. 

DUST COVER: Standard. 

TERMINALS: Solder lug and taper tab. 


KHP SERIES RELAY NOW AVAILABLE AT YOUR LOCAL ELECTRONIC PARTS DISTRIBUTOR 


POTTER & BRUMFIELD 


DIVISION OF AMERICAN 


IN CANADA: 


MACHINE & FOUNDRY COMPANY @ 


PRINCETON, INDIANA 


POTTER & BRUMFIELD, DIVISION OF AMF CANADA LIMITED, GUELPH, ONTARIO 





Said Hans Oersted: “When a conductor carries current through a magnetic field at right angles 
to it, the resultant reaction thrusts the conductor in a direction perpendicular to both the current and 
the magnetic field.” 


A light-weight, low fuel-consuming propulsion system is a primary requirement for interplanetary space vehicle travel. 
One such system now being carefully studied utilizes plasma propulsion. 

This concept employs an electrical field to produce a plasma and to energize it. A magnetic field then ejects the plasma, 
thereby providing a reactive thrust to the vehicle. 

Plasma propulsion is but one of many subjects under investigation at Lockheed Missiles and Space Division. Outstanding 
facilities, equipment and scientific personnel mark the organization as eminently capable of exploring many unusual aspects 
of space travel. This, coupled with Lockheed’s favorable locations in Sunnyvale and Palo Alto on the beautiful San 
Francisco Peninsula, consistently attracts scientists and engineers interested in pursuing work in their special fields. 

Why not investigate future possibilities at Lockheed? Write Research and Development Staff, Dept. M-26 B, 962 West 
El Camino Real, Sunnyvale, Calif. U.S. citizenship or existing Department of Defense industrial security clearance required. 


All qualified applicants will receive consideration for employment without regard to race, creed, co/or or national origin. 


Lockheed /mssics AND SPACE DIVISION 


Systems Manager for the Navy POLARIS FBM and the Air Force AGENA Satellite in the DISCOVERER and MIDAS Programs 


SUNNYVALE. PALO ALTO, VAN NUYS, SANTA CRUZ, SANTA MARIA, CALIFORNIA® CAPE CANAVERAL, FLORIDA® HAWAII 
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SILICONE NEWS trom Dow Corning 


How ‘'T'o Get More Drive... 





When the heat’s on! Engineers for the Harvey 
Aluminum smelting plant at The Dalles, Oregon, take 
no chances on the reliability of anode feed motors in 
the electrolytic cell section. Ambient temperatures are 
in the order of 300F. Harvey engineers specified 
Dow Corning silicone insulation for all 960 of the 
motors. Operated intermittently to adjust the carbon 
electrode level, these motors have the thermal stability 
to assure reliability despite the combined heat of 
high ambient and motor load. 


Where the going is rough! Two 20-horsepower, a-c 
traction motors with Dow Corning silicone insulation 
keep mine production moving in spite of severe over- 
loads and high temperatures. Goodman Manufacturing 
Co., Chicago, uses these motors on their four-wheel 
drive “584” shuttle car to assure the extra overload 
capacity needed for long life . dependable, easy, 
safe operation. If you need rugged motors for tight 
spots, specify Dow Corning silicone insulation. 


From miniature motors! This servo motor intended 
for high temperature and humidity service has “sealed 
in” dependability with Dow Corning silicone insula- 
tion. Engineers at G-M Laboratories, Inc., Chicago, 
specify that the stator coils of this unit will be vacuum 
impregnated with Dow Corning solventless silicone 
resin and cured in an inert atmosphere. The cutaway 
picture shows how the resin completely fills the coil 
interstices and provides a solid bubble-free mass . . . 
seals out trouble. 


For a reverse twist! On jobs that call for numerous 
drive reversals, you'll find Dow Corning silicone insu- 
lation eliminates frequent motor burn outs. Cadillac 
Gage of Detroit did. The motors—1l-hp, 1800 rpm, 
Class A insulation—were required to make up to 100 
reversals per minute. This created too much heat for 
the Class A insulation. Since putting silicone insula- 
tion to work, Cadillac Gage has not reported a bit of 
trouble with these lathe motors. 





For the complete story on 
silicone insulated drives, 
write Dept. 6919a. 


Dow Corning CORPORATION 
MIDLAND. MICHIGAN 


ATLANTA BOSTON CHICAGO CLEVELAND DALLAS LOS ANGELES NEW YORK WASHINGTON, D. Cc. 
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Here’s how ARROW FASTENER Co. gets 


Truare’ Retaining Rings FREE! 


U.S. PAT. NO. 2,837,812 


Mechanized Ring-O-Mat® designed by Truarc Engineers 
doubles stapler production for saving of $2500/year 


Arrow Fastener Co., Inc., Brooklyn, N. Y., uses three 
Truare Series 5144 reinforced E-rings to secure com- 
ponents in its Model T-50 compression stapler. Origi- 
nally, Arrow operators installed the rings by hand with 
conventional applicators and dispensers. Fast? Sure — 
but Truare engineers suggested to the company how 
the job could be done even faster and more economi- 
cally by mechanizing the entire ring assembly operation. 


Working closely with the Arrow engineering and 
production staff, Truarec mechanization engineers de- 
signed the unique Ring-O-Mat shown above. The unit 
installs the three E-rings in a single operation, twice 
as fast as the former hand method. Savings with the 
equipment are $2500 a year — enough to pay for all 
the rings the company uses! 


Interested in getting your retaining rings FREE? 


Bulletin 459-13 describes a number of assembly techniques for mass-production 
ring installation. Write for a copy or see your Truarc representative. 


WALDES KOHINOOR, INC. 


47-16 Austel Place, Long Island City 1, New York 


Here’s how the Ring-O-Mat works. The Truarc rings 
are supplied in tape-wrapped Rol-Pak® cartridges 
which are loaded on vertical magazine rails at the cen- 
ter of the unit. To install the rings, the operator merely 
places the stapler in a nest at the front and pushes the 
control buttons . . . the Ring-O-Mat does the rest! 
Applicators connected to the air cylinders grasp the 
bottom ring in each stack and move forward, seating 
the rings in accurately located grooves pre-cut in pivot 
pins extending through the body of the stapler. When 
the rings are fully seated, the applicators are with- 
drawn automatically and the operation is completed. 
Simple, fast, fool-proof — a typical example of how 
Truare retaining rings lend themselves to mechanized 
assembly. A good example also of how you get more 
than a fastener when you buy Truarc! 


WALDES 
© TRUARC 


rs RETAINING 
RINGS 
61-5 
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Lexan resin provides dimensional stability 
in close-tolerance parts 


Maximum change allowable in the overall dimen- 
sions of this five-inch attitude indicator component 
is only 5 mils over a temperature range of —65° to 
300°F! Moreover, the aircraft instrument part must 
maintain these tolerances under conditions of high 
humidity. To meet these severe requirements for 
dimensional stability, Lear, Inc. selected LEXAN 
polycarbonate resin. 

In addition to high performance, LEXAN offers 
easy and versatile fabrication. Thermoplastic, it is 
injection molded in half spheres which are joined 
by solvent cementing. After lathe turning to insure 
complete accuracy, the spheres are painted three 
different colors. Maximum visibility is obtained by 
lighting from the inside. With their high tempera- 
ture resistance and high impact strength, these 
polycarbonate spheres are both rugged and precise 
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design elements. They are fabricated for the Instru- 
ment Division of Lear, Inc. by Monroe Industries — 
both of Grand Rapids, Mich. 

This component is an example of what high- 
performance LEXAN polycarbonate resin can do 
for your designs. The price of the resin has gone 
down, too, as production has gone up. Can you 
afford to overlook the major advantages of this new, 
major design material? Send for design literature. 


LEXAN’ 


Polycarbonate Resin 


GENERAL @@ ELECTRIC 


Chemical Materials Dept., Section MD-71, Pittsfield, Mass; 





Single molding has red lens 


section, clear housing 


On the 1961 Lark—Housing and lens 
are a one-piece Plexiglas molding! 


In finished part, clear 
housing is metallized on 
second surface; small side-jewel 


section is sprayed red 


The 1961 Studebaker Lark one-piece tail light 
“assembly” shown above is produced by double- 
molding red and crystal-clear PLEXIGLAS® acrylic 
plastic. The combined lens-and-housing is a first- 
time part in the automotive industry. 


The advantages? An all-acrylic unit with hand- 
some appearance, great strength and weather re- 
sistance, and a gleaming metallized section that 
stays bright . . . at a cost reduction of approximately 
30% over the traditional assembly of lens, die-cast 
housing and gaskets. 


There are many opportunities for obtaining im- 
proved performance at lower cost, in a wide range 


of products, by designing parts to be molded in 
PLEXIGLAS (and IMPLEX®, the high impact acrylic). 
We will be glad to send you information on these 
Rohm & Haas engineering materials. 


ROHM 
HAAS = 


PHILADELPHIA S,PA. 


Detroit Representative: 2. C. Oglesby, Nor-Way Building, 20211 Greenfield 
Road, BRoadway 3-0674. 


In Canada: Rohm & Haas Company of Canada, Lid., West Hill, Ontario. 


PLEXIGLAS 
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HANNIFIN 
"HUSTLER 
VALVES 
GIVE YOU 
SPEED, 


SURENESS 
& GOOD 
SERVICE 


sot 


ARKER 
ANNIFIN 


CORPORATION 


VALVES 
MOUNT ON 
34” CENTERS 


3%", Yo", %" sizes 


ALL the features you want 
in 4-way, pilot-operated 
air control 


HOW FAST? So fast it fills 12 cu. in. test 
chambers from 0 to 90 psi in 0.029 seconds. Larger, 
100 cu. in. chambers fill in 0.075 seconds. Valve itself 
has been cycled on test over 3,000 times a minute. 
We know of no faster valve. 


HOW SURE? Valve will operate on severely re- 
stricted air supplies and at pressures down to 15 psi, 
thanks to a reserve volume of pilot air, maintained 
at maximum line pressure in a self-restoring accumu- 
lator chamber (patent applied for). Low-wattage, 
nylon encapsulated, plug-in solenoids are guaranteed 
for life against burnout. New ‘‘Comb-O-Seals”—one- 
piece, pressure-energized—seal positively, cannot be 
improperly assembled. Any of today’s varied air line 
lubricants can be used. Both pilot valve and main 
valves operate on poppet principle, cannot stick in 
dirty air. 


HOW GOOD? Good for millions of leak-proof 
cycles! All-aluminum, die cast construction gives you 
light weight, assures clean, smooth air passages. Base 
mounting—all connections, air and electrical, are 
permanently made to the base. Quick plug-in feature 
—entire operating unit “‘plugs” into base; remove two 
screws and it lifts off easily and quickly. Locking 
manual over-ride is standard on all solenoid models. 
All models fully meet J.I.C. standards. 


ADD-A-FOLD BASES (optional) permit 
joining a number of valves together, with one supply, 
one exhaust, one gallery for electrical connections. 

You can have either maintained or momentary 
contact electrical actuation— or remote pressure actua- 
tion. Valve is available in %”, 4%” and %" pipe 
sizes. Write for new Bulletin 0611-B1. 


HANNIFIN COMPANY 
A DIVISION 
515 South Wolf Road « Des Plaines, Illinois 


PNeuMaTiC AND Hvyorautic SYSTEM COMPONENTS 


EUROPEAN DIVISION « PARKER-HANNIFIN N.V.- 


3419-PH 
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witching from aluminum 
to Zamak sliced casting / 
costs in half on this 


ing bobbin holder. 

And with seven zinc die 
castings accounting for | 
all the major working 7 
parts, overall costs 
dropped a neat 12%. 

This high volume item 
is found on_ spinning 
frames in cotton mills— 
it’s designed to take | 
twenty to thirty years of F 
rugged, day-in day-out 
service. Yet by using 
Zamak instead of alumi- 
num, the wall thick- 
ness of certain parts 
was reduced from 
.065” to .050”. This re- 
sulted ina decrease in 
material cost with no loss 
in strength. Whitehead Die 
Casting plans to bring their 
costs, down still further by 
going to wall thicknesses 
.032”— with the tough- 
ness of the parts still un- 
affected as far as their 
performance goes. 


Besides the healthy cost 
the reduced wall sections, 
Zamak also provides 
fa- 
miliar success story 
“faster and more eco- 
longer die life...less re- 
jects.” Zamak gives you 


savings directly related to 
Whitehead with a 
nomical production... 
more for less 

are 


LOU your 


METALS 
WORTH? 


WHITEHEAD BALL BEARING BOBBIN HOLDER 
AWARD OF MERIT 
THE NEW JERSEY ZINC COMPANY'S ‘‘DIE CASTING OF THE YEAR’ COMPETITION 


CASTING COSTS CUT 50% 














HORSE HEAD® SPECIAL ZINC AND HORSE HEAD ZAMAK ARE PRODUCED BY 


THE NEW JERSEY ]} 
ZINC COMPANY 


160 FRONT STREET « NEW YORK 38, 


DEVELOPERS OF THE ONLY STANDARD ZINC DIE CASTING ALLOYS IN USE TODAY 


| HORSE HEAD 
| PRODUCTS 
bin 
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Later Than You Think? 


O NE mark of a professional is 


the price he’s paid for serv- 

ices rendered. What’s hap- 
pened to the salaries of engineers in 
the last decade is a measure of their 
growing stature. 

EJC’s 1960 Professional Income 
of Engineers and similar previous 
surveys—1953, 1956, 1958—depict 
gratifying increases for engineering 
graduates. From 1953 to 1960, the 
median annual salary for all engi- 
neering graduates advanced from 
$6500 to $9600. 

The median starting salary in 
1960 was 55.5 per cent above the 
1953 figure. Salary of 10-year men 
at the median in 1960 was 59.5 per 
cent above that of 10-year men in 
1953. The corresponding rise for 
20-year men is 56 per cent. 

However, if one follows the me- 
dian individual from 1953 to 1960, 
the figures are even higher. The 
zero, 10, and 20-year men in 1953, 
who became 7, 17, and 27-year 
men in 1960, enjoyed incomes about 
120, 90, and 60 per cent higher, 
respectively. 

In the same period, the consum- 
er price index rose 10.5 per cent, 
and the gross average weekly earn- 
ings of production workers in man- 


ufacturing increased 26.8 per cent. 
These 1960 annual-income fig- 
ures are worth pondering: 


Grad. Upper Upper 
Year Median Quartile Decile 





"60 $ 6,350 $ 6,725 $ 7,250 
9,975 11,450 13,000 
12,500 15,000 17,700 
12,600 16,000 21,500 
These data show the premiums 
paid in recent years for experience 
and performance. Performance has 
the edge. Mr. Upper Decile °50 is 
already paid more than either Mr. 
Median °40 or Mr. Median °30. 
Only the upper-decile club keeps 
from going over the hill. Gener- 
ally, salaries tend to level or droop 
for classes before 1940, particularly 
for the median and below. 
Technical obsolescence—not age 
—is probably the chief cause of the 
salary plateau of older (more ex- 
perienced, ironically) engineers. 
While employers may share the 
responsibility of continuous updat- 
ing of their engineers, the primary 
obligation is squarely upon engi- 
neers themselves. It may be later 
than you think! 


a ae 


EXECUTIVE EDITOR 





A guide to 


TECHNICAL 


for effective control of the flow of 
technical information into and out 
of a company 


e Types of specifications 

e Their administration and control 
© Recommended format 

e How to prepare them 


A. J. FITZGERALD ROWEN GLIE 
Manager, Product Engineering Dept. Section Head, Engineering Standards 
Maxson Electronics Corp. 

New York, N. Y. 


Ck amount of information necessary to oper- 
ate a modern engineering organization can 
assume staggering proportions. To meet 
this need, an efficient information-handling system 
is essential. Information must be gathered, checked, 
kept up to date, and made readily available where 
and when it is needed. Such a program requires a 
constant, organized company effort. 

As a medium of information control, technical 
specifications have proved particularly effective. But 
exactly what is a technical specification? As de- 
fined here, a technical specification is a clear and 
accurate description of the technical requirements 
for a material, product, or service. It includes all 
applicable procedures for determining whether re- 
quirements have been fulfilled. 

The specification reflects current company prac- 
tice and may be narrow or specialized in scope and 
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‘OPECIFICATIONS 


. 


subject. A standard, on the other hand, is “a speci- 
fication accepted by recognized authorities as the 
most practical and appropriate current solution of 
a recurring problem.” 

A specification defines what should and should 
not be done, how processes, components and equip- 
ment will be tested, what test results will be ade- 
quate and under what conditions a part will be 
rejected. In a proper specification vague assurances 
of quality such as “good commercial quality,” 
“good workmanship,” or “in accordance with state 
of the art” are replaced by precise testing methods, 
inspection procedures, and measurements. Problems 
of semantics between user, vendor, engineer, and 
shop are thereby minimized. Thus a specification 
provides a scientific approach to evaluation of ma- 
terials, components, and processes. 


> Why Technical Specifications? 


Descriptions of a company’s technical require- 
ments for manufacturing, testing procedures, ma- 
terials, and components give the engineer a realistic 
basis for performing two important engineering 
functions: 

1. Prediction of results. 
2. Reproduction of the results. 


Prediction of results is possible only with fore- 
knowledge of materials, components, processes, and 
company facilities. To be widely available and use- 
ful, this knowledge must be presented in the form 
of well-organized specifications and/or standards. 

Specifications and standards insure the ability 
to reproduce results. No product can be consist- 
ently reliable unless the manufacturer presents a- 
complete set of “ground rules” in accordance with 
which the product is made. In addition to engi- 
neering drawings, specifications are the most im- 
portant sources of company information. 

There is a general misconception that a drawing 
alone gives sufficient information to the shop to 
manufacture the part represented. It has been 
shown that a drawing which is complete by all 


1References are tabulated at end of article. 
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known drafting standards still presents many points 
of contention which need interpretation.? If the 
materials and processes necessary tor the completion 
of the part are not covered by specifications, then 
such qualities and characteristics as strength, cor- 
rosion resistance, appearance, etc. will vary from 
day to day, from shop to shop, and from one 
worker to another. 

A drawing released to the shop is a “go ahead” 
for a long sequence of various manufacturing and 
other operations. Specifications provide the engi- 
neering control for all activities which start after a 
drawing is released. Frequently, full engineering 
control over a new product developed by the com- 
pany may necessitate specifications which precede 
the drawing-board design phase and initiate the 
engineering process. 

What makes the specification so indispensable 
is the fact that it is impossible to manufacture two 
components identical in all respects. Practical en- 
gineering requirements call for compromise and 
approximation. The purpose of a specification is 
to define the parameters of these approximations 
and thereby limit the variations. By describing a 
process or a component and by limiting the vari- 
ability of its characteristics, a specification controls 
the process or product; that is, it permits prediction 
and reproduction of results. 


> Specification Types 


The operations performed by most companies 
usually involve specifications of the following types: 


1. Engineering 4. Manufacturing 
2. Design 5. Test 
3. Product Performance 6. Purchase 


The purpose of the last four types of specifications 
is readily apparent. However, the first two types— 
engineering and design—merit further explanation. 


Engineering Specification: An engineering speci- 
fication applies to new design or redesign. It is 
written to formulate and/or to clarify the objectives 
and implications of a user’s problem, and the en- 
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The following cases illustrate the point: 


TECHNICAL SPECIFICATIONS 





e Some time ago, Company X received a redesign job 
for one of the military services. The company had 
to supply some equipment which was_ successfully 
used on military planes during the Korean War. 
With the exception of a few insignificant changes, 


gineering solution to that problem. The thing to 
be avoided is the situation where an engineer, in- 
stead of solving the user’s actual problem, solves 
what he thinks is the user’s problem. 








11 Practical Rules for Preparing 


1. Avoid writing a new specification whenever 
possible. Try to adopt one already in existence. 
This practice can save time and money. National 
organizations which maintain current information 
in important subject areas are listed under Sources 
of National and Industry Specifications, Standards, 
and Practices. 


2. Amend an available specification when it 
cannot be used “as is.” If, for example, the exist- 
ing spec is too specific where it should be general, 
and general where it should be specific, the spec 
should be amended as necessary and all suitable 
paragraphs copied as is, It is good practice to 
mention the basic specification in the “Applicable 
Documents” section of the company spec with the 
following note: “The following specification No. 
XXXXX is a part of this specification to the ex- 
tent specified herein.” 


3. For each requirement of the specification, 
indicate a corresponding test procedure, cross ref- 
erenced whenever practical. For example: 
Requirement Test Method 

Paragraph Paragraph 
Temperature Cycling 3.8 48 
Plating Thickness 4.10 
Moisture Resistance 4.12 


Requirement 


4. Avoid devising test methods for internal 
company use only. Use the standards developed 
by ASTM, government, or other organizations as 
much as possible. 


5. Assign a tolerance to each requirement or 
characteristic expressed as a numerical value. 
If the requirement is merely stated as 10 w, 100,000 
psi, or 100 F., it does not tell the inspector what 
to do if the measured values are 10!/4 w, 999999 
psi, or 99 or 101 F. For example; pressure tol- 
erances may be expressed as: 

100 000 psi 1000 psi 


100,000 psi min to the nearest 
100 psi 


100,000 psi max 
100,000 psi min 


Tolerance to the nearest 100 psi means that all 
values over 99,950 are rounded off to 100,000 psi 
and accepted. All values less than 99,950 are 
rounded off to 99,900 psi and rejected. 

The more selective the vendor must be to satis- 
fy the specification, the more costly will be the 
product. ' 

6. Specify only those requirements necessary 
to do the job. Each requirement will affect inspec- 
tion procedures and ultimate cost. Be prepared 
to justify each requirement and to explain how it 
affects the end product. The following items should 
be carefully determined: 
© Characteristics of the product to be contrclled. 


® Degree of control. 


A partial list of environmental conditions and 


Technical Specifications 


other requirements which might be covered in a 

specification is: 
Temperature range Life test 

Altitude Service test 

Vibration Shelf life 

Shock Radio interference 

Humidity Size and weight 


ea Cooling 
Sand and dust Components 
Sun and weathering 


and quality 
Air and waterproofing Human engineering 
Explosion proofing 


application 


Requirements for materials may include the fol- 
lowing: 
Chemical composition: Texture, color, odor 
Physical Properties: 
. Density 
. Melting point 
*. Thermal expansion 
. Specific heat 
. Modulus of elasticity 
. Hardness 
. Tensile strength 


h. Compression — strength 


i. Yield strength 
j. Creep strength 
k. Shear strength 
1. Elongation 
m. Impact 
n. Endurance limit 
7. Specify a sampling plan, indicating how test 
specimens will be selected and inspected. For in- 
formation on sampling procedure, the following 
publications are recommended: 
MIL-STD-105—Sampling Procedures and Tables 
for Inspection by Attributes 
MIL-E-5272—Environmental Testing, Aeronautical 
and Associated Equipment 
MIL-STD-414—Sampling Procedures and Tables 
for Inspection by Variable for 
Per Cent Defective 
MIL-STD-109—Inspection Terms and Definitions 


ASTM—Manual on Quality Control of Materials 

8. Be specific and aim for simplicity and clarity 
of expression. Specifications are read by all kinds 
of people — draftsmen, designers, purchasing 
agents, vendors, sales clerks, sales engineers, etc. 
A specification must be understood by everybody 
who will have to read it as a part of his job. It 
must be specific enough to avoid multiple inter- 
pretations of its requirements. 

9. Never rely on catalog information alone 
when writing a specification. Component require- 
ments are not always clearly spelled out in cata- 
logs or similar literature and often require amplifi- 
cation. 

10. When nonstandard or little known terms are 
used, do not hesitate to define them. For example: 


Room temperature shall be 75 + 12 F. 

Sea level shall be to 10,000 ft 

11. Keep in mind that a poorly written specifi- 
cation is better than none, Its shortcomings will 
not go unnoticed very long. In practice, feedback 
from those who use the spec will usually provide 
the information necessary for amendment or re- 
vision. 
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the equipment was to be manufactured as it was 
during the Korean War. Only after manufacturing 
had started was it suddenly realized that the equip- 
ment was to be used on the newest military aircraft 
having shock and vibration conditions such as to 
make the old equipment completely unsuitable for 
the purpose intended. 


Company Z received an order for an amplifier to be 
used on a plane. The amplifier was designed to 
withstand 10 G shock and actually tested at 25G. 
It worked perfectly. However, when installed on the 
plane, it failed. The equipment came back and was 
disassembled, checked, rechecked, and sent back for 
testing. Under service test it failed again. In the 
end, it was decided to investigate the situation on the 
plane itself. It was found that the amplifier was 
attached to a wall very close to the landing gear 
and so poorly isolated that at the moment of landing 
the amplifier was subjected to 40G shock load. 


Table 1—Translation of System Language to 
Design Specification 
Design Specification* 
~~ Total useful travel of shorting 
plunger (forward face with re- 
spect to surface “A” of tube), 
XXX in. to XXX in. 


Limits: Permissible over travel of 
plunger: 

XXX in. to XXX in. (max) 
XXX in. to XXX in. (min) 


Backlash between plunger and 
potentiometer (holding plung- 
er) not to exceed 15 min; 
angular error, 10 min max. 


System Language 


Operation frequency range 


a. High frequency (mc) 
b. Low frequency (mc) 


Tracking accuracy 


_*Oscillator cavity for radar system. Oscillation frequency is func- 
tion of distance between oscillator tube and moving plunger. Limits 
define allowable travel beyond operating frequency range. 


These examples show the hazards of relying on 


oa : : : : should be investigated from the user’s point of view 
unverified information. Equipment requirements 


and under the true environmental conditions. 





Specifications, Standards, and Practices 
Sources of National and Industry 


American Institute of Electrical Engineers (AIEE) 
33 W. 39th St., New York, N. Y. 
American Society of Mechanical Engineers (ASME) 
29 W. 39th St., New York, N. Y. 
American Society of Quality Control (ASQC) 
6197 Plankington Bldg., Milwaukee, Wis. 
American Society for Testing Materials (ASTM) 
1916 Race St., Philadelphia, Pa. 
American Society of Tool and Manufacturing Engineers 
(ASTME) 
10700 Puritan Ave., Detroit, Mich. 
American Standards: Association (ASA) 
10 E. 40th St., New York, N. Y. 
Copper and Brass Research Association (CABRA) 
420 Lexington Ave., New York, N. Y. 
Electronic Industry Association (EIA) 
1721 De Sales St. N. W., Washington, D. C. 
Institute of Printed Circuits (IPC) 
27 E. Monroe St., Chicago, Ill. 
Institute of Radio Engineers (IRE) 
1 E. 79th St., New York, N. Y. 
Instrument Society of America (ISA) 
313 6th Ave., Pittsburgh, Pa. 
Investment Casting Institute (ICI) 
27 E. Monroe St., New York, N. Y. 
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Many other cases could be cited in which a new 
design started with a hazy concept of the true need. 
Therefore, the purpose of an engineering specifi- 
cation is to put the project manager in the user’s 
place to find out why, what, where, how, when, 
and, sometimes, even who. 


Design Specification: The primary purpose of a 
design specification is to translate system engineering 
language into that of design engineering. Table | 
illustrates how the semiabstract terms of system 
engineering are translated into the concrete elec- 
tromechanical terms of a design specification. 

The secondary purpose of a design specification 
is to provide a precise statement of all information 
the design engineer must have to successfully tackle 
the assignment. It will include requirements for 
performance, reliability, maintenance, human en- 
gineering, and standardization. The basic difference 
between the engineering specification and the design 
specification is that in the former the engineer tries 
to understand the user’s problem and in the latter 
the designer tries to understand the engineer. 

Bringing an abstract idea down to earth early in 
system development may save considerable expense 
—and some reputations. For instance, in writing a 
design specification for a recent project, a designer 
noted that the success of one abstract idea de- 
pended on the use of a synchronous 500 ke make- 
and-break switch. Translated into mechanical de- 
sign language, this idea meant a wiper element 
rotating at 500,000 rpm. The idea was buried. 


> Specification Control 


Creation and maintenance of a workable set ol 
company specifications cannot be accomplished with- 
out administrative and engineering control. Originat- 
ing, writing, approving, releasing, keeping up to date, 
amending, and cancelling must be done under con- 
stant control within a company’s organizational set- 
up. After all, specifications are not only a source of 
vital technical information. When sent to a vendor 
or a user, they may become legal documents of first 
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importance. Since organizational setup varies from 
company to company, the methods of company speci- 
fication control will vary too. 

The document or “master control specification” 
which formulates the “standard” or “practice” for 
issuing technical specifications must contain more 
than straight administrative instructions, It should 
describe the control of technical specifications by 
covering the following items: 


. The purpose of the master control specification. 


for origination, approval, amendment, and custody. 


> Specification Format 


What type of specification format is best? Un- 
fortunately, there is no pat answer that will apply 
to all situations. However, adopting the format of 
military specifications has the advantage of wide 
acceptance. Then, when company specifications are 
accepted on military jobs, the company and user are 
talking the same language. In addition, it is always 
easier to adopt an existing format than to create 
a new one. Furthermore, variation of specification 
formats is reduced across industry—which may be 


. General definition of what a technical specification is. 
3. Types of company specifications. 
. Purpose and scope for each type of company speci- 
fication. 
5. Responsibility for each specification. 
6. Format of specification. 
7. Procedures and control. 
a. Origination 
b. Approval 
c. Release 
d. Assignment of number 
e 
f 
g 
h. 


the most significant benefit of all. 

Essentially the military-specification type of format 
consists of six sections: 

1. Scope: This is a brief statement describing the 
item covered by the specification. In certain cases, 
particularly long purchase specifications, a short 
abstract of the specification requirements may be 
entered to assist a vendor to determine at a glance 
whether or not he has the item required. An abstract 


Camater d Cubiead from a typical specification illustrates this technique: 


. Issuance of copies Scope: This specification covers the detail requirements 

. Changes—revisions, cancellation, reissue for “Low Band Scan Driven Motor” (Maxson Func- 
Cover sheet tional Designation:) having the following characteristics: 

i. Specification pages and numbering system. a. Motor type ..Synchronous, 400 cps, 3 phase, 200 line 

b. 

c. 

d. Operating Temp 


Pages from a typical master control specification 
are shown in Fig. 1. Administrative control of specifi- 
cations may be defined by a chart, such as shown 
in Fig. 2. This chart delineates the responsibilities 


55 to +125 C (momentary 
at +200 C) 


. Altitude Sea level to 100,000 ft 


Fig. 1—Typical master control specification. 
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f. Running torque 1.0 oz-in. min at 6000 rpm 
g. Starting torque 1.5 oz-in. min 
h. Acceleration time 

over temp. range 20 sec max for 2.5 oz-in.? load 

i. Vibration 10-2000 cps, 30g 

j. Shock 100g 11 ms 

k. Acceleration I5 g 

2. AppLicaBLE Documents: This section provides 
reference information on which documents, govern- 
ment specifications, specification control drawings, 
and AIEE, EIA, ASA, NEMA, and other specifica- 
tions, are part of the company technical specification. 

3. REQuIREMENTs: This section contains all essen- 
tial requirements and descriptions applicable to de- 
sign, materials, or product covered by the specifica- 
tion. When the specification contains many types or 
classes, the general requirements for all are given 
first, followed by the individual requirements. 

4. Quatiry AssuRANCE Provisions: This section 
provides detailed information on classification, test 
methods, and methods and frequency of sampling. 
Test methods, when practicable, are arranged in the 
same consecutive order as the corresponding re- 
quirements in section 3. 

5. PREPARATION FOR Detivery: This section con- 
tains information on packaging requirements neces- 
sary to prevent breakage or other damage. 
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Fig. 2—Chart delineating administrative re- 
sponsibilities in specification handling. 


6. Nores: This section will contain general or ex- 
planatory information. Specific requirements should 
not appear here but in section 3. This section may 
include the following topics: a. Intended use. b. 
Standard samples. c. Suggested features. 

A seventh section—certification—may be included 
when applicable (usually a purchase specification 
requirement). Certification requires manufacturers 
to provide written assurance that all units fur- 
nished under a specification are in full compliance 
with its provisions. 

Complete details covering the format of military 
specifications are given in a standardization manual, 
which is generally available. This manual coincides 
in many respects with the style manual of the Ameri- 
can Standards Association.* 

Some practical rules to follow in writing speci- 
fications for company use are given in Preparing 
Technical Specifications. 


REFERENCES 

. J. A. Chingas and R. Glie—‘‘Definitions in Standardizations,’ 
Magazine of Standards, Oct. 1959. 

. J. A. Chingas—‘‘Shop Practice Standard,’’ MACHINE DESIGN 
Vol. 30, No. 11, May 29, 1958. 

. Standardization Manual M-205—Military Outline of Form and 
Instructions for the Preparation of Specification, Superintendent 
of Documents, U. S. Government Printing Office, Washington 25, 

Cc. 


. Style Manual, American Standards Association, 10 East 40th 
St., New York 16, N. Y., 1960. 
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scanning the field for ideas 


Pivot point 
adjustment wheel a eA 





Movable pivot point permits adjustment cs 





of stroke length while a piston pump is operat- 
ing. The vertical path of pivot point is located 
so that the piston always reaches the head end 
of the cylinder, regardless of stroke length. Thus, 
highly compressible liquids can be pumped. Prin- 
ciple employed in a pump by American Instru- 
ment Co. Inc., Silver Spring, Md. 
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Virtual hinge point can 
be designed easily to permit 
a swinging door to operate in 
a double-curved surface. Vir- 
tual hinge point A (located 
outside the structure) and link- 
age attaching points B, C, D, 
and E are arbitrarily selected. 
Points A, C, D, and F are con- 
nected so that AD is equal 
and parallel to CF, and AC 
is equal and parallel to DF. 
The remaining two parallelo- 
grams are constructed and the 
points connected by linkage. 
Principle employed in aircraft- 
door linkage by Technical Pub- Fead structure 
lications and Supplies Ltd., 

East Twickenham, England. | Virtual hinge point 


Yi 











Tapered valve shroud produces gradual decrease of annular flow area 
as the valve closes against the flow. Thus, no surge, or “water hammer” is pro- 
duced. Principle employed in a check valve designed by Mannesman-Meer, Moen- 
chengladbach, Germany. 
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Pin-and-slot linkage provides equal, but opposite, rotation of pivot pins in 
response to simple movement of hand lever. Short arms attached to the pivot 
pins support rollers which are thus moved in relation to a tension-measuring 
roller. Actuation principle employed in a tension meter developed by Erwin J. Saxl 
of Tensitron Inc., Harvard, Mass. 
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Spring flaps bend to open or close 
valve in response to air-flow direction. Air 
flow in the normal direction bends each 
flap away from its outer stop. Reverse flow 
of air helps seal the flaps against the stops. 
Principle employed in air valve by Alan 
Muntz and Co. Ltd., Feltham, England. 








Vane released cam 
triggers torque multiplier. 
The cam, released by a slow- 
ly rotating vaned disc, en- 
gages a continuous rotating 
ratchet wheel to turn an 
output shaft one revolution. 
The cam then engages the 
next vane on the disc and 
disengages from the ratchet 
wheel. Thus, frequency of 
operation of the output 
shaft depends upon the 
speed of the vane disc, but 
the output torque is sup- 
plied by the motor-driven 
ratchet wheel. Principle em- 
ployed in a recording watt- 
hour meter by Siemens- 
Schuckertwerke AG, Nur- 
emberg, Germany. 
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Axial plus rotary actuation of a tapered 
plug valve provides increased tolerance for solids 
in suspension. Two control handles provide in- 
dependent control of movements of the soft, 
tapered plug. To operate, the plug is pulled 








TZ 











away from the seat and then turned to the de- 
sired flow direction. The plug is moved axially 
again to provide contact with the valve seat. 
Principle employed in a direction control valve 
by Republic Mfg. Co., Cleveland, Ohio. 





Triple-wafer deck 
doubles the usual capa- 
bility of a subminiature 
rotary switch. Thus, up 
to 24 contacts can be 
provided within a 1|-in. 
overall diameter. Princi- 
ple employed in a switch 
by J-B-T Instruments 
Inc., New Haven, Conn. 
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Transformers 
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Load-displaced disc, positioned be- 
tween matched transformers, controls output 
current in proportion to applied load. Thus, 
a direct electrical readout of applied load is 
obtained. Principle employed in a load cell 
developed by W. C. Dillon and Co. Inc., 
Van Nuys, Calif. 


Twin-recording heads 


Tone generator 
Playback amplifier Recording amplifier 


Playbock . Two-channel 
head Erasing heod recording head 
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synchronize “multiple- 
exposure” sounds to 
produce artificial mu- 
sic from pure tones. 
The initial input is 
recorded on the upper 
sound track. During 
second recording, this 
initial input is trans- 
ferred to the lower 
track and the upper 
track is erased to re- 
ceive the second in- 
put. This process can 
be repeated to com- 
bine any desired num- 
ber of inputs onto the 
lower sound track. 
Principle employed in 
tape recorder by Eber- 
hard Vollmer, Ploch- 


ingen, Germany. 
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Fluid-powered poppet 


in a venturi valve opens 
and closes by energy of 
liquid being controlled. 
When the pilot valve is 
closed, upstream pressure 
holds the poppet valve on 
the seat. When the pilot 
valve is opened, the re- 
duced pressure behind the 
poppet permits it to be 
opened by upstream pres- 
sure. Self-operating princi- 
ple employed in a valve by 
Fox Valve Development 


Co., Verona, N. J. 








Closed 


Frictionless flexure-mounting of armature permits detection of excess 
vibration to actuate a safety cut-off switch. In the normal position, the adjust- 
ing spring partially balances the attraction of the main magnet. When the 
vibration inertia forces, acting on the mass of the armature, exceed a preset 
value, the armature is forced against the latching magnet. Principle employed 
in a vibration-detection unit by Aeronautical and Instrument Div., Robertshaw- 
Fulton Controls Co., Anaheim, Calif. 
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Fluid squeezes bag 

to provide pressure re- 

quired to inject second 

fluid into primary 

stream. An orifice re- 

duces the pressure of the 

primary stream below 

the pressure produced in 

the plastic bag. Princi- 

ple employed in a liquid / 
proportioner by Gustaf- | [Primary 
son Mfg. Co. Inc., Min- 

neapolis, Minn. 

















Flexible 
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bag 











Output disc (attached to output housing) 


Input discs 


Output housing Fluid shear resistance transmits torque 
in a hydraulic coupling. The silicone fluid acts 
as a “friction surface” between the input and 
output discs to provide a soft start of high-inertia 
loads. Principle employed in a fluid coupling by 
Electra Motors Inc., Anaheim, Calif. 


Output disk 


Input disc 


Fluid 
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J. F. PFRANK and 
Senior Engineer 
Product Application & Research 


Cc. O. SUNDBERG 
Chief Engineer 


Diamond Chain Co. Inc., Indianapolis, Ind. 


made in chain and sprocket design, materials, 
and lubrication techniques. 
chain standards have remained relatively static for 


Lr RECENT years, many advances have been 


However, roller- 


more than 25 years. Recent research by chain 
manufacturers has revealed the increased capabil- 
ities of ,available chain drives. 

Speed and horsepower ratings in ASA Standard 
329,1-1957 are very conservative. For maximum 
power transmission from chain drives, the Asso- 


ciation of Roller and Silent Chain Manufacturers 
(ARSCM)* has proposed that speed and horsepower 
ratings be revised to be more in line with actual 
chain performance.+ Fig. 1 shows a comparison of 
the old and new ratings for l-in. pitch chain operat- 
ing over 30-tooth sprockets. 

The typical “tent” curve of the new ratings, Fig. 1 


*The ARSCM has recently been dissolved. Its member companies 


are now members of the American Sprocket Chain Manufacturers 
Association (ASCMA). 

+New ARSCM ratings will be submitted to ASA Sectional Com- 
mittee B29 in September. 








Pitch=1in. | 
Sprocket = 30 teeth 
Life = 15,000 hrs 
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Fig. 1—Comparison of old and 


] per cent wear 





new horsepower-rating data for 
a typical roller-chain size. The 
tent curve, representing the new 








ratings, shows the considerable 
boost in capacity now available. 
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and 2, illustrates not only the increased load and 
speed capacity provided, but also the basic charac- 
teristics of roller chain, as learned through indus- 
try-sponsored research. Tabular data shown in the 
new ratings for any given pitch of chain and number 
of teeth will, when plotted graphically, show the 
same general shape. Fatigue strength, impact life, 
wear life, and joint-galling parameters are outlined 
by these curves. 

These new ratings offer reliable predictions of 
service life expectancy under continuous full-load 
operation. Ratings are for approximately 15,000 
hours of service-life expectancy. According to re- 
cently completed industry-sponsored research at 
Arthur D. Little Inc., wear life, with recommended 
lubrication, will be satisfactory in most applications. 


Tests have shown that during operation, lubricat- 
cated chain joints act like journal bearings, with the 
formation of a hydrodynamic film of lubricant. The 
new horsepower ratings, based on these findings 
and a modified journal-bearing concept, take into 
account the load-supporting wedge of fluid lubri- 
cant which is formed during joint articulation. As 
in full journal bearings, the coefficient of friction 
or wear rate is influenced by viscosity of the fluid 
lubricant, by rotational speed, and by projected 
bearing pressure. 

Effective use of the new ratings begins with care- 
ful consideration of application requirements. Chain 
drive selection can be readily made by applying 
appropriate service factors and multiple-strand fac- 
tors to the input horsepower. But one pitch of 








| L FP 
(a) 3-in. Sprocket Diameter 
| 


| 
+ 
| 







































































Sprocket Speed (100 rpm) 





| be | T T 
ad | aay Sar L | 


B: (c) 5-in. Sprocket Diameter 














7 
| | | | 
SER: Oe a 





















































6 1@) 20 40 
Sprocket Speed (100 rpm) 


chain sizes. 





Fig. 2—Representative tent curves, showing new ratings for commonly used 
These curves are for single-strand chains. 
based on pitch diameter of the small sprocket, these charts are tied to 
space requirements in any given application. 
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NEW ROLLER-CHAIN HORSEPOWER RATINGS 





Fig. 3—Horsepower ratings for 
multiple-strand roller-chain 
drive with 3-in. sprocket diam. 





40 60 
Speed of Small Sprocket (100 rpm) 








chain may be more effective than another for a 
given application. For example, if a chain drive 
connects a 10-hp, 1800-rpm electric motor to the 
load shaft, with shaft speed = 900 rpm, there are 
several selections available, ranging from 1/2-in. to 
114-in, pitch chain. 

Several factors influence chain and sprocket selec- 
tion. Space requirements may necessitate a certain 
sprocket diameter—and here, it is well to remember 
that ratings are based on the number of teeth in 
the smaller sprocket. Shaft size, center distance, and 
desired shaft speed ratio must be taken into account. 
In addition, the obvious must not be overlooked; 
for example, sprocket diameters vary not only with 
the number of teeth, but also with the chain pitch. 

There are still other complicating factors. Among 
them is the fact that a large chain pitch, because 
it provides more bearing area than a ‘small pitch, 
offers better wear life for a given load, Finally, 
there are those factors which are peculiar to certain 
individual applications. 


The preceding discussion also applies to multiple- 
strand drives operating at higher loads. This is 
shown in Fig. 3. The chart, for 3-in. pitch diameter 
sprockets, shows the horsepower which can be trans- 
mitted not only with single-strand chain, but also 
with multiple-strand drives. 

ExaMPLE: Select a chain to transmit 10 hp at 
1800 rpm. If the small sprocket must have pitch 
diameter = 3 in., only one selection is available— 
a \/-in. pitch No. 40 chain with a 19-tooth small 
sprocket (Fig. 2a). Although this selection may 
be used as long as no overloads are imposed, better 
wear life could be had with a larger-pitch chain. 
Also, since drive conditions are close to the smaller 
chain’s fatigue-strength rating, any shock loads im- 
posed on the drive could lead to failure. Finally, 
when a sprocket having less than 25 teeth is used, 
it should be hardened for proper wear life; this adds 
slightly to the cost. Thus, if space permits, a larger 
sprocket should be considered. 

As shown in Fig. 2b, a 4-in. pitch diameter offers 








How to Select a Chain Drive 


¢ Consider Application Requirements: Speed, load, space, ratio, lubrication 
come first. Evaluate possible shock loading, provisions for wear take-up, type of 
power source, and other factors necessary to make a choice. 


¢ Determine Possible Pitches: Find which sizes can handle the speed and load. 
Charts similar to those in Fig. 2 are a help. 


¢ Make Final Selection: Base the final choice on life requirements and costs. 
The ideal selection is that which does the job at minimum cost. Fig. 4 gives a gen- 
eral idea of wear-life/pitch relationships. 
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Fig. 4—Effect of chain pitch on relative wear life and costs 
for roller chains having equal center distance and sprocket 
diameters. Improvement in wear service life of the chain 
increases much more rapidly than does the cost. 


three choices: A 25 tooth, 14-in. pitch, No. 40 
chain, a 20-tooth, 54-in. pitch, No. 50 chain, or a 
16-tooth, 34-in. pitch, No. 60 chain. All three can 
handle the speed and load, However, the !/-in. pitch 
No. 40 chain is the most practical selection, since the 
drive conditions fall just under the peak of the chain’s 
“tent” curve. 

If space permits the use of larger pitch diameter 
sprockets, several other selections are possible, Fig. 


Tips and Techniques 


2c and 2d. Again, the ¥-in. pitch No. 40 chain 
seems ideal, since the intersection of the hp and rpm 
lines is almost directly under the peaks of the 
“tent” curves. But in this case, another factor in- 
fluences selection—the type of lubrication required. 
Use of the 4-in. pitch diameter (25T-No. 40) 
sprockets shown in Fig. 2b permits oil bath lubrica- 
tion, as indicated in the rating tables. The use of 
larger-diameter sprockets causes an increase in chain 
velocity and requires oil stream (pump) lubrication. 
Since this results in added cost, such a selection is 
Icss desirable. The type of lubrication needed may 
readily be checked by calculating chain velocity and 
comparing it with the limits which are given in the 
rating tables. 

After load-carrying capabilities have been con- 
sidered, relative wear life and drive costs should be 
examined. The new ratings are based on a maxi- 
mum of 3 per cent increase in chain length due 
to joint wear in approximately 15,000 hours of serv- 
ice life. This is generally acceptable for most ap- 
plications. However, there may be special conditions: 
Long center distances withcut adjustment to take 
up for wear; close case clearances; fixed centers; 
etc. These may make it necessary to provide greater 
wear resistance. In this case the relative wear life 
potential would have to be increased within eco- 
nomical bounds. 

Fig. 4 shows the effect of chain pitch on relative 
wear life and costs, for roller chain drives having 
the same center distance and sprocket diameters. 
In general, the improvement in wear service life 
increases much more rapidly than drive costs. For 
example, a 100 per cent increase in wear life can 
be obtained at a 20 per cent increase in cost, simply 
by going from a '4-in. pitch No. 40 to a %-in. 
pitch No. 50 drive. Of course, this increase in cost 
is not justified if wear service life is already adequate. 





Sharpening Drawing Pencils 


The usual method of pointing a drawing pencil, 
by rolling the lead as it is drawn across the sand- 








paper pad, may result in excessive breakage during 
use. This can be avoided by drawing the lead axially 
along the sandpaper a few times as shown. The 
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axial stress lines thus set up result in greatly ex- 
tended pencil-point life-—R. C. Grasowsx1, General 
Motors Corp., Detroit, Mich. 


Lined Drawing Board 


Vertical lines inked on the drawing board at 6-in. 
intervals can be a timesaver. They are especially 
useful for: 1. Arranging work on the drawing. 2. 
Centering a drawing on the board. 3. Determining 
the length of a tracing when roll stock is being 
used.—Cuartes W. Bittner, Precision Parts Co. 
Inc., Haddonfield, N. ]. 


Do you have a helpful tip or technique for our other 
readers? You'll receive ten dollars or more for each 
published contribution. Send a short description plus 
drawings, tables, or photos to: Tips and Techniques 
Editor, MACHINE DESIGN, Penton Bidg., Cleveland 13, 0. 





Component layout 
and assembly techniques for 


Preventing 
Electronic 
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Fig. 1—Preferred miniature-tube shield. (Photo, 
courtesy International Electronic Research Corp.) 


FRANK WILLIAM WOOD Jr. 


Advanced Designs Inc. 
Vienna, Va. 


ures continue to occur even with all the em- 

phasis that is being placed on reliability. Many 
of these failures are due to using parts that are not 
designed to do the job. When this usage is com- 
bined with poor layout of the electronic package, 
high failure rates are bound to occur. Solutions to 
the latter, and often less obvious, problem are the 
subject of this article. 


f etiagsrctins electronic equipment _fail- 


Tube-Shields: Highly polished, loosely fitting 
shields of the JAN-S-28 type around electron tubes 
create heat zones in excess of manufacturers’ rat- 
ings. High tube temperatures liberate gases inside 
tubes, resulting in arc-over between tube elements 
and shortened tube life. 

An increase of 12 to | in useful tube life has 
been attained in tests using the shield and liner 

Fig. 4—Recommended mounting design for tube shield in Fig. shown in Fig. 1 in place of the JAN-S-28 shield, 
3. Auxiliary heat sink for preventing hot spot is mounted on which is no longer approved by most military agen- 
printed wiring board. Circuit wiring is normally on opposite ae - ‘ 
side of board. (Drawing, courtesy International Electronic cies. Relative temperature variances are shown in 
Research Corp.) Fig. ze 

The heat-dissipating shield of Fig. 3 is recom- 
mended for subminiature tubes. Mounting design 
for this type of shield should provide direct con- 
nection of shield base to a heat sink, Fig. 4. 

Tubes having metal-base shields should be 
mounted with the base above the chassis for most 
effective cooling, Fig. 5a. 





Transistor Heat-Sinks: A disadvantage of the small 
and remarkable transistor is its limited capacity to 
dissipate heat from its case without permanent 
damage. 

Fig. $—Metal-base shell-tube mountings: 4, Preferred design Heat dissipators for transistors are available. They 
provides maximum cooling efficiency; 6, recessed design function by radiation and convection. Fig. 6 illus- 
blocks sic ‘circulision and paewents effective base cocling, trates typical mountings that serve as heat dis- 
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Military Design Requirements for Electronic Equipment Temperatures and Cooling 

1. Local (hot spot) temperature 
rise due to the part involved 
being located (within the com- 
pleted equipment) in close 
proximity to high heat-generat- 
ing parts such as vacuum-tube 


heat 
accomplished 


In view of the high operating tem- sources. 


perature condition of equipment (and 


of air and parts near 
Such design 
early in the equipment 
concurrently with electronic design. 


must be 
the subsequent deterioration of parts development, 
due to this condition) the various parts 
must be located properly. 
Precautions: All applications of 
parts in almost all types have limited 
maximum allowable temperature rat- 
ings above which the part cannot be 
operated without reducing seriously 


Location of Parts: Because of the rectifiers, power, and wire- 
possible degradation caused by tem- 
perature due to the nonjudicious 


choice of parts, it is obviously undesir- 


wound resistors. Temperature 
rise for the part involved can 


be minimized by the careful 


able to place many parts in the vicin- 
ity of items generating substantial heat, 
such as transformers and tubes. At- 
tention should be directed to the cool- 
ing of cylindrically shaped parts by 
use of “chimney effect” by mounting 
in a vertical plane. Where parts are 
stacked, the heat gradient and sub- 
sequent “hot spot” of the upper 
stack(s) should be given careful con- 
sideration. 
Enclosed Parts: No exposed parts, 
including the enclosure, of the equip- 
ment shall condition of 
operation 
excess of 60 C at any ambient tem- 
perature of 25 C. The 
of front panels and operating controls 


shall not exceed 43 C. 


under any 
achieve a temperature in 


temperature 


Thermal System: It is important to 
design an integral thermal system into 
electronic equipment so that dissipated 
heat can be removed as efficiently as 


possible and with minimum heating 


the ,useful and dependable life of the 
part due to deterioration of the elec- 
trical and other characteristics of the 
various materials comprising the com- 
pleted® equipment. This deterioration 
caused by temperature may 
gradually or within a very short period 
following energizing of the completed 
equipment. Where parts have been 
applied in such manner as to impose 
appreciable above the 
rated maximum permissible tempera- 
ture, failure of the parts involved will 
occur often during preproduction in- 
spection of the preproduction model. 


occur 


temperature 


Misapplication: Gradual deterioration 
of parts due to misapplication with 
resultant exposure to excessive tem- 
perature is more serious in that such 
deterioration is difficult to detect and 
is more likely to occur after the equip- 
ment has been placed in service. Four 
main factors contributing to the ulti- 
mate temperature imposed on the part 


are: 


placement of the parts which 
generate high heat or, where 
necessary, by the use of heat 
shields and reflectors. 

2. The ambient temperature to 
which the equipment as a 
whole will be subjected. 

3. The average temperature rise 
within the equipment due to 
heat dissipated by such parts as 
tubes, resistors, and transform- 
ers. In some equipment, it is 
necessary to limit temperature 
rise due to this factor by the 
use of some type of forced ven- 
tilation (blowers and fans). 

within the 

involved due to 


. Temperature _ rise 
part energy 


losses dissipated within the part. 


Water Cooling: 
teria define limits for application of 


The following cri- 
water cooling: Total heat dissipation 
exceeding 5,000 w; unit heat dissipa- 
tion exceeding 10 w per sq ft of en 
closure surface area. 


sipators for one or for a group of transistors. vide an unbroken heat path through all the parts. 

Available also for transistor cooling are washers 
that insulate electrically, yet act as high thermal 
conductors that can be placed between a transistor 
and the chassis, Fig. 7..A thin coat of silicone grease 


should be used on both sides of the washer to pro- 


High-Wattage Resistors: Just because a_ resistor 
is shown on a schematic diagram coupled to a 
paper capacitor and a germanium diode does not 
mean it can be mounted side by side with these 
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PREVENTING ELECTRONIC HOT SPOTS 


No.6 sheet metal 
screws — 


Power transistor 


Insulating 
washer 


Fig. 6—Combination mountings 
and heat dissipators for tran- 
sistors: 4, Heat-conducting 
transistor clip is attached to 
plate-type heat sink; 5, friction- 
fit case contains silicone grease 
heat-path from transistor ele- 
ments to case which must be 
mounted to external heat sink. 
(Photo, courtesy Dow Corning 
Corp.) 


Heat radiating Heated air 
fi escape holes 
Swe 
ELA, LL MLLLL VEZ, 


aponage 
aa 


Fig. 8—Resistor mounting arrangements: a, 
Horizontal mounting above chassis provides 


Chassis or 
heat sink——= 


Clearance 


Fig. 7—Sandwiched insulating washer which 
serves as heat conductor. 


heat path from power transistor to chassis. 


Emissive 


Shield 


Chassis and 
cabinet 


Rectifier tube 
(b) 


Fig. 10—Tube and transformer location: a, Inefficient lay- 
out for heat dissipation; 6, improved layout which utilizes 
cabinet to dissipate heat directly. 


components in the actual equipment. Resistors 
mounted on the chassis in the manner of Fig. 8 
should be used to reduce the ambient temperature 
in the resistor area. 

Where these arrangements are not practical and 
the resistor must be mounted on a component board, 
fuse-type clips that will permit air circulation 
around the resistor may be used, Fig. 9. The resistor 
should be oriented on the board so that it is not 
below a heat-sensitive component. 
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Silicone grease coat- ’ Space for 
ing on both sides of washer provides unbroken Qa circulation 


natural flow of cooling air across heat ra- 
diating fins on resistor; 6, vertical mount- 
ing under chassis requires escape holes for 
holes heated air. 


Printed wiring board 


Fig. 9 — Mounting clips, 
either single or in pairs, 
with air space between 
high-wattage resistor and 
phenolic or epoxy com- 

a. ponent boards. 

Holes for induced 

or forced air flow 








Fig. 11—Stacked resistor arrangements: a, Straight stack- 
ing increases temperature gradient at top; 6, oblique 
stacking equalizes temperature distribution. 


Component Location: Heat-dissipating compo- 
nents should be located on the chassis so that they 
are not boxed in by components of the nonheat- 
dissipating variety. The location of the tube and 
transformer in Fig. 10a not only places both of 
these components in danger of overheating but also 
exposes the heat-sensitive capacitors to their full 
heat radiation. A better layout of these components 
is shown in Fig. 10b. Here, a shield has been placed 
between the main heat-radiating source, which is 
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Derating Factors for Ambient Temperatures Above 35 C (95 F) 


Maximum 
de Amperes 
(Per cent of 

normal at 35 C) 





Maximum rms 
Reverse Voltage 
(Per cent of 
normal at 35 C) 


Ambient 
Temperature 


40 (104 F) 100 
45 C (113 F) 100 
50 C (122 F) 100 

80 


55 (131 F) 80 
60 


60 (140 F) 80 
60 


65 (149 F) 60 
70 (158 F) 60 
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Air rises between pilotes Air is trapped under plates 
(a) (b) 


Fig. 12—Selenium-rectifier mounting: a, Preferred arrange- 
ment has edges of plates facing air flow in forced-air cool- 
ing; 5, vertical mounting traps air under plates and should 
be avoided. When the rectifier is operated in ambient tem- 
peratures exceeding 35 C, current and voltage output rat- 
ings should be modified by factors shown in the table. For 
50, 55, and 60 C, two sets of values are given, either one 
of which may be used depending on the most favorable 
design considerations. 


Fig. 13—Methods of dissi- 
pating heat in encapsulated 
assemblies: Aluminum oxide 
powder (A) provides encap- 
sulating material of high 
thermal conductivity; alu- 
minum bracket (B) conducts 
heat from power diode (C) 
to mounting stud, and then 
to heat sink chassis (D). 


the rectifier tube, and the other components. Both 
the tube and the transformer are adjacent to the 
cabinet with its relatively large area for conduct- 
ing heat from the inside of the cabinet and radi- 
ating it to outside air. Perforations in the chassis 
around the tube and transformer induce air-flow 
cooling. 


Stacked Components: Hot spots can be introduced 
when heat-dissipating components are stacked with- 
out regard to the increasing temperature gradient 
toward the top of the stack. 

In electronic-package designs where components 
are stacked, resistors can be arranged as in Fig. 11b 
to equalize temperature rises. Selenium rectifiers can 
be arranged as in Fig. 12a. 


Encapsulated Assemblies: Special design tech- 
niques must be used to provide a heat path between 
the heat-dissipating components within an encap- 
sulated unit and the air outside. Failure to do so 
will result either in a high failure rate of the com- 
ponents or a split in the encapsulation from ther- 
mal expansion. Two methods can be used to pre- 
vent hot spots in encapsulated units: 
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Fig. 14—Tubes positioned to receive maximum cooling by 
forced air flow. (Photo, courtesy Servonics Inc.) 


Segmented sections 
Capacitors 


Thick, 
conductive 
and emissive 
mounti 
plate " 


Emissive rf 
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metallic 
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O Pr 
Electron essurized 
Transformers i 
tubes N fp eo 
Conductivel y 
cooled 


iy fe a in this section 
* tIntoke temperature of 
50-65C for good transfer Tube 
(a) (c) 
Fig. 15—Methods of forced-air cooling: a, Forced in-out 


air flow; 6, cross-flow; ¢, turbulent air flow for extreme 
hot spots. 
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1. Use encapsulating material of high heat conductivity. 
2. Use brackets to conduct heat from hot components 
to mounting studs on the encapsulated assembly. 
Both methods are illustrated in Fig. 13. An alu- 
minum-oxide powder is used as a loose encapsu- 
lating material. Aluminum oxide powder is an ex- 
cellent heat conductor and also a good electrical 
insulator. 

This powder method is applicable only when a 
can is used to house the assembly. The unit is as- 
sembled and the aluminum oxide is poured through 
a filler hole in the can, which is then plugged. 

Fig. 13 also shows a power silicon diode mounted 
directly upon an aluminum bracket that in turn 
is attached to a mounting stud of the unit. To 
prevent premature damage in testing, units encap- 
sulated this way should carry a label stating that 
connection to an external heat sink is required be- 
fore operating. 


Forced Air Flow: When adequate cooling can- 
not be obtained by heat dissipators, induced air 
flow, radiation shields, or conduction, then forced 
air-cooling must be used. 

Efficient cooling by forced air requires more than 
selecting the largest blower that will fit in the par- 
ticular cabinet. Component layout must be designed 
to get maximum cooling with minimum blockage 
of air flow. The chassis assembly of Fig. 14 illus- 
trates a layout in which all tubes receive maximum 
cooling by forced air. Fig. 15 illustrates other lay- 
outs for cooling by forced air. 
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TN aes che systems for vibration environ- 


ments often consist of an assembly or compo- 

nent suspended on a flexible beam-like sup- 
port. In such systems, amplification of vibratory mo- 
tions transmitted through the support members can 
create serious operating problems, such as stress fail- 
ures, impacting of close-tolerance mechanical parts, 
and spurious electrical outputs from electro-mechani- 
cal devices. 

Even if such possibilities are recognized in design, 
a satisfactory solution may not always be possible 
at the drawing-board stage. Dynamic performance 
of beam-suspended elements is often difficult to pre- 
dict quantitatively, because a complex mechanical ar- 
rangement, with varying conditions of flexibility and 
mass distribution is involved. Inherent in such situa- 
tions are a number of uncoupled or coupled resonant 
frequencies which can produce amplification when 
excited by a vibrational environment.' 

From a design view, a useful solution would be 
a numerical correlation of the various parameters 
involved in a vibration analysis, with a clear indica- 
tion of their influence upon the system’s dynamic 
response. This information would provide freedom 
in design to rapidly select satisfactory geometric 
shape, mass, and stiffness characteristics to meet op- 
erating requirements. However, a general correlation 
of this type often represents an impractical amount 
of high-accuracy calculation by conventional proce- 
dures, and may never be attempted. The use of cur- 
rent techniques in automatic electronic computation 
can be a powerful aid in such efforts. 


1References are tabulated at end of article 
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This article presents the results of a general analy- 
sis of the dynamics of beam-suspended elements, us- 
ing such computation techniques. Results are nu- 
merically correlated to indicate important trends and 
to permit rapid selection of design parameters. 

Application of these results to various design situa- 
tions will be discussed in a later article. 


@ The Problem 


In many design situations, the mechanical mem- 
ber supporting a component or assembly approxi- 
mates a slender beam. This beam is often much more 
flexible than the supported item. Examples of this 
condition are: Electrical transformer on sheet-metal 
chassis, Fig. 1a; compact electronic cabinet attached 
to long support members, Fig. 1b; and rigid machine 
chassis on flexible foundation members. It is not un- 
common for the suspended item to comprise 
80 to 90 per cent of the total weight of the assembly. 

If the beam-like foundation mass distribution is 
excluded, this wide class of designs contains certain 
resonant frequencies which are responsible for large 
oscillatory deflections of the suspension in a dynamic 
environment. Inspection of the motion of the sus- 
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Fig. 1—Typical flexible beam suspensions: a, Heavy trans- 
former on sheet-metal chassis; 6, computer cabinet fixed 
to long support members. In the transformer suspension, 
a, other lighter weight components will have little effect 
upon the lower transverse-bending resonance. 





FLEXIBLE BEAM SUSPENSIONS 





pended element reveals two simultaneous events 
which are incurred by deflection of the foundation 
member, Fig. 2: 

1. A rotational motion of the mass associated with the 
slope of the suspension in the region of the mounted 
element. 

. A transverse translatory displacement of the center of 
gravity of the suspended mass. 


These two motions, or degrees of freedom, are 
interrelated through the flexibility of the beam-like 
suspension, and produce two coupled resonant fre- 
quencies in the system. This coupling is influenced 
by both the position of the suspended item, and the 
number of support points in the suspension. The 
two resonances are also dependent upon the transla- 
tory and rotary-inertia magnitudes of the suspended 
item and, hence, are related to its mass distribution 
and geometric shape. 

From a design view, primary concern with these 
resonances lies in the associated dynamic deflections 
resulting under operational conditions. Steady-state 
study of these deflections introduces two additional 
variables into the analysis: 1. The relationship be- 
tween the input frequency and the two resonant 
frequencies. 2. The effect of exciting each end of 


tne suspension at the same frequency but with dif- 
ferent amplitudes of motion 

An additional variable, which has not been in- 
cluded in this analysis, is the damping inherent 
within the vibrating system. It influences deflection 


amplitudes, particularly near resonance. However, 
in systems composed essentially of tightly secured 
metallic parts the amount of damping is frequently 
quite nominal, often not exceeding 5 per cent of 
the equivalent critical viscous damping.? Because 
of this negligible effect, dynamic excitation usually 


Fig. 2—Typical flexible-beam suspension in maxi- 
mum deflected position produced by vibratory mo- 
tion. This combination motion is characteristic of 
a first (lowest) mode resonance. 
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must be prevented by designing the assembly to 
contain resonances out of the range of the input 
frequency. However, current progress in the use of 
damping materials and techniques holds promise for 
solutions to this problem other than detuning, 
which is considered here. 


@ Design Analysis 


The general type of mechanical system dealt with 
here is shown in Fig. 3. This system contains certain 
geometric size, shape, and position variables, as well 
as parameters for flexibility and mass. Certain dy- 
namic properties of such systems, dependent upon 
the geometry of the assembly, are the subject of 
this article. 

The geometric variables of the system are defined 
nondimensionally. The position variable é (see No- 
menclature) represents the position of the suspended 
mass relative to one end of the beam, and the vari- 
ables x and » represent both the size and shape, 
respectively, of the suspended element. This element 
is treated as a body of uniform mass distribution, 
since many mechanical devices can be approximated 
by this assumption. 

In recognition of the tendency to minimize the 
amount of material and attachment hardware within 


Nomenclature 





Base dimension of suspended item (Fig. 
3), in. 

Height dimension of suspended item (Fig. 
3), in. 

Modulus of elasticity of beam material, 
psi 

Area moment of inertia of beam cross sec- 
tion about neutral axis, in.4 

Rotary mass-moment of inertia of sus- 
pended item about axis through center of 
gravity, lb-in.-sec? 

Beam span between support points (Fig. 
3), in. 
W/386 = 
sec? /in. 
Time, sec 
Weight of suspended item, lb 

Distance from left beam support point 
(Fig 3), in. 

Amplitude, in. 

Y sin wt = Displacement, in. 

Influence coefficient (Table 1), in./Ib. 
Ympedance coefficient (Table 1) 

a/l = Base size factor (Fig. 3) 

b/a = Shape factor (Fig. 3) 

av/l Position factor (Fig. 3) 

Input frequency to system, rad/sec 

First mode resonance of beam support un- 
der the influence of its own weight, rad/sec 
First and second mode resonant frequen- 
cies, respectively, of the system, rad/sec 


Mass of suspended item, Ib- 


EmsaanaDerewrt 9 J 


€ 
3 


Subscripts: 

CG = Center of gravity of suspended element 
E1, E2 = Left and right beam-support points, re- 
spectively 
Left and right support points, respectively, 
for suspended item 


Ri, R2 
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a design, a two-point attachment has been used be- 
tween the rigid mass and the foundation. This ar- 
rangement provides one of the more flexible mount- 
ings involving rigid point supports. Inclusion of 
additional intermediate supports may be expected 
to raise the two resonant frequencies obtained in this 
analysis. However, for small values of ratio x, the 
effect of intermediate mass supports will not ap- 
preciably alter the response values predicted. 

Simple foundation supports, which are free of 
horizontal constraint, are used here for two reasons: 


1. The simply supported arrangement is representative 
of a large class of systems, because the majority of 


Fig. 3— General shape, 
size, and position rela- 
‘ F " tionships for dynamic 
Table 1—Basic Mathematical Relationships analysis of flexible beam 


suspensions. 








Differential Equations of Steady-State Vibratory Motion 
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Resonant Frequencies iD: © 
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mechanical supports are not sufficiently rigid to pro- 
vide the equivalent of a cantilevered end fixity. 

2. Freedom from axial constraint is necessary if this 
mechanical system is to contain only two resonances. 
Supports which sustain a horizontal force introduce a 
third vibration mode. This mode is incurred by “forc- 
ing” the center of gravity of the suspended item with 
an axial component of motion. However, when com- 
pared to the two resonances previously discussed, this 
additional resonance is high enough in the frequency 
spectrum to be quite unimportant in design except in 
very unusual cases. Consequently, it has been elimi- 

nated from the analysis by allowing no axial founda- 

tion constraint. 


The equations on which this analysis is based 
are given in Table 1. Equations 1 and 2 are the 
differential equations which define the steady-state 
vibratory motions of the suspended item. The various 
cofficients and parameters are defined in Nomen- 
clature, Fig. 3, and Equations 3 through 11. Use 
of the influence coefficients, a (Equations 8, 9, 10), 
has been covered by others.® 

Equations | through 7 in Table 1 apply to mecha- 
nisms with centers of gravity oriented in the geo- 
metric center of the suspended item. Furthermore, 
if the suspended item can be assumed to be a uni- 
formly dense rectangular element, the equations can 
be simplified by the introduction of the rotary mo- 
ment of inertia, Equation 11. 

For ease of calculation, Equations 3 through 7 
can be simplified algebraically into expressions in- 
volving the ratios £, x, 7, and EI/(MI*). Various de- 
sign situations then can be investigated by simply 
substituting the appropriate values for the ratios into 
these expressions. When such calculations are per- 
formed for a representative range of geometric pa- 
rameters £, x, and , valuable design information is 
obtained. From these data, two solutions can be ob- 
tained: 1. The two resonant frequencies of a design 
can be predicted when suitable geometric size and 
shape characteristics have been defined. 2. A suitable 
set of design dimensions can be established to re- 
move the resonant conditions far enough from op- 
erating (input) frequencies to prevent excessive ex- 
citation. 

The two resonant frequencies can be calculated 
directly from Equations 12.1 and 12.2, Table 1. These 
frequencies could also be determined by calculation 
of the deflections Yr; and Ye for various input fre- 
quencies. These deflections have infinite amplitudes 
when the undamped system is vibrated at resonance, 


Fig. 4—Typical suspension systems cov- 
ered by completed data. 


and such trends in the computed results identify 
the frequencies. This information, as well as the 
vibratory displacements produced when the system 
is vibrated at any input frequency, can be obtained 
from Equations 13 through 15 of Table 1. 

Equations 12.1 through 14 are organized to speed 
design calculations. The resonance characteristics 
have been numerically solved for 186 separate de- 
sign situations, using a digital computer (Univac 
Scientific 1103A). Typical mass and suspension sys- 
tems covered by these calculations are shown in 
Fig. 4. This range of data allows the designer to 
predict the steady-state vibrational effects produced 
by varying a system in several ways. The remainder 
of this article, and Part 2, will be devoted to a dis- 
cussion of the response results, and where and how 
they can be used in the solution of design problems. 


© Vibratory Response Data 


Resonant frequency data obtained from the com- 
puted results are plotted in Fig. 5 through 10. Each 
chart corresponds to a specific value of x. Individual 
plots for determining first and second-mode resonant 
frequencies are provided for six values of 7 on each 
chart. The vertical dashed lines are the asymptotes 
for the plots in each resonance range. 

These charts are divided at (xco/l) = 0.5, be- 
cause a given set of x and 7 valucs produces two 
identical sets of resonant frequencies. These identical ' 
frequencies correspond to mirror locations of the 
suspended mass on the support member. In Fig. 3, 
these mirror locations are defined by = x/l and 
é = 1 — [(x+a)/l]. Thus, the families of reso- 
nance curves are symmetrical about (xe¢/l) = 0.5, 
and only one-half of the lower resonance family, 
—0.5 <= (xeq/l) S 0.5, and one-half of the upper 
family, 0.5 = (xee/l) S 1, are shown. 

The minimum (negative) limit for the lower reso- 
nance family has particular significance. The condi- 
tion leading to a negative value of xeq/l is demon- 
strated in Fig. 11. The plots for the lower resonance 
family have been extended to cover this situation 
where one end of the suspended item rests on a solid 
foundation at the end of the beam. Thus, these plots 
represent a complete set of resonance information for 
all dynamic conditions encountered as the suspended 
item moves progressively from the extreme left posi- 
tion (both support points off the beam) to positions 
with first one and then both supports on the beam. 
As this progressive movement to the right continues, 
the suspended item finally reaches the “mirror” situ- 
ation at (xXeq/l) = 0.5 where frequency values be- 
gin to repeat. For each family of lower resonance 
plots the exact range covered is given by —(x/2) S 
(xeq/l) < 0.5 The second-mode plots have no defi- 
nition under such circumstance and, consequently, 
have not been extended. 

The charts can be used in two ways: 1. To calcu- 
late the resonant frequencies (on1, on2) for a specific 
design. 2. To determine qualitatively the influence 
of design changes upon the resonances expected with- 
in a mechanism. 

The procedure for determining the resonant fre- 
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quencies for a specific suspension system is: If the design under analysis conforms approximately 
to one of the selected « values, the corresponding 
chart can be used directly. The first mode resonance 
is obtained by using the appropriate plot for »=b/a 
on the left side of the chart and locating the point 
corresponding to the position of the center of gravity 


1. Calculate the flexural rigidity, El, of the foundation.* 
In the analysis presented here, axial uniformity of the 
foundation has been assumed. However, minor vari- 
ations, due to such features as keyways and other 
discontinuities, will have little effect upon this pre- 
diction, and can be disregarded. (Xca/l) of the suspended item on the beam supports. 

2. Determine the first mode resonant frequency from the Note that (xg¢/l)=§+ («/2). From the ordinate of 
charts. The charts in Fig. 5 through 10 represent the point located on the curve, the first mode reso- 
six practical design situations with different base size nance, ®,, can be calculated. 
factors, k=a/l. For example, assume a design situation where «=0.5, 
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Resonant Frequencies 


Fig. 7 —x=0.333 


a ee 








Fig. 8 —x=0.5 


First Mode -_f- Second Mode 
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n=l, and (xg¢/l) =0.28. From Fig. 8, cedure is the same as for the first-mode resonance 


Thus, the first mode resonant frequency is 


sont? except the right side of the chart is used. 
~ BI/MB = 110 At this stage, effect of foundation weight on the 
first-mode resonant frequency determined from the 
charts should be checked. Details of this procedure 
110 EI \ 12 will be discussed in the second article. 
-— = ( MIB ) If a design situation falls between the selected « 


values for the charts, the frequency values can be 


3. Determine the second mode resonant frequency. Pro- found with reasonable accuracy by interpolation. 
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For example, consider the case where = 0.3, 9 = 
0.5, and x 0.40. This situation falls between the 
charts of Fig. 7 and 8. To find the values of w»: and 
w,2, an interpolation chart will have to be construct- 
ed. Procedure is: 
|. Select a series of « values, corresponding to the charts 
in Fig. 5 through 10, which bracket the intermediate 
value. 
2. Calculate the value of x,_/l for each « value from 
Log x a 


l l 


“OG 
1 


}. Find the ordinates of the first and second-mode reso- 
nances (Fig. 5 through 10), corresponding to the 
values of x, X¢e/l, and ». Keep in mind the mirror 
relationship for values of xgg/l above and below 0.5. 
For example the resonances at (X,,/1)=0.55 are the 
same as those at (x¢,/l) =0.45. 

4. Construct plots of « versus the ordinates for the first 




















Fig. 11—Single-point suspension. For this posi- 
tion of the suspended item, x,¢// has a nega- 
tive value because the center of gravity is to 
the left of the left beam support. 


Table 2—Interpolation Data 
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Fig. 12—Interpolation chart. Plots are 
based on data given in Table 2. 


and second-mode resonances obtained in step 3. 

5. Find the ordinate values corresponding to the inter- 

mediate « value from these plots. 

For the example considered here, the interpolation 
data are given in Table 2. The interpolation chart 
based on these data is shown in Fig. 12. From this 
chart atx = 0.40, 


@n1~ 


——— = 96 
EI/MI 


2 
@®n2° 


co es 1800 


The graphical results can be also used in a variety 
of other ways. For instance, foundation stiffness (as 
expressed by flexural rigidity El) can be selected to 
give suitable resonance values for an item attached 
at a certain position. 

The charts in Fig. 5 through 10 are also useful for 
qualitative evaluation of certain design factors. For 
instance, if the suspended item is long and thin 
(small «x, large 7) the second-mode resonance is 
appreciably influenced by altering the dimension, b. 
However, the lower resonance value, which is usually 
of greater importance, is negligibly affected by such 
alteration, except at low xgq/I ratios, Fig. 5. 

At low xeq/I ratios, the ratio of angular to linear 
motion of the mass increases at resonance. The ro- 
tary motion is a function of the rotary moment of 
inertia, 1 which is directly proportional to b?. Con- 
sequently, the first mode resonance is significantly 
influenced by an increase in b, but only at low xeq/l 
ratios. 

Another interesting property is associated with x 

0.2 and » = 4, or x = 0.625 and » = 0.5, 0.285, 
or 0.20. Inspection of the first-mode resonance curves 
for these situations indicates that these frequencies 
are quite independent of the position of the suspend- 
ed item along the foundation. In these situations, the 
resonant frequency cannot be significantly increased 
by moving the suspended item nearer to the founda- 
tion supports. Other measures apparently must be 
taken if the first resonance is to be elevated above 
a certain frequency excitation range. 

For suspended items with large bases (that is, 
k 0.75), the effect of moving the suspended item 
nearer to the foundation supports takes a different 
trend than might be expected, as evidenced from the 
first-mode resonance curves. Here, the influence of 
the rotary inertia of the suspended item and the flexi- 
bility of the beam at the one beam-supported leg 
position actually lowers the first-mode resonance 
value when the item is mounted with one support 
at a foundation support position. 


Second and concluding article of this two-part se- 
ries will deal with the application of the graphical 
and tabular response data in the solution of practical 
design problems. 
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Ball-Bearing Memory 


Programs Handling Sequence 


GEARED to a conveyor, a ball memory 
wheel keeps track of product progress to- 
ward operation stations. Actuated by a 
limit switch at the conveyor entrance, a 
flipper deflects balls into a circular track 
each time a product enters the conveyor. 





As the product moves down the line, the 
ball moves around the track. Limit 
switches, positioned on the ball’s course, 
correspond to operation stations along the 
conveyor. 


Since ball and product simultaneously 
reach corresponding spots, an operation 
(triggered when the ball trips a limit 
switch) occurs just as the product is in 
position. Electromechanical ball memory 
is a product of Binks Manufacturing Co., 
Chicago. 
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Spring-Loaded Track Drives 
Cotton-Picking Spindles 


Unique picking and loading sys- 
tem in a new cotton picker moves 
the cotton from the plant into the 
loading basket with a minimum 
of contact with moving parts. Fi- 
bers arrive at the processing plant 
with very little twist and snarl. 
Seeds, a valuable by-product, are 
less apt to be cracked or smashed. 
Two innovations contribute to the 
improved condition of the cotton: 


© Intermittent drive of picking 
spindles twirls them only during 
the picking operation. While a 
spindle is being stripped, there is 
no rotary motion. 


@ The cotton is borne to the bas- 
ket on an air stream. Previous de- 
signs used conveyors or vacuums, 
Each method caused the cotton to 
come in contact with moving parts. 
The model 622 two-row cotton 
picker is built by Allis-Chalmers 
at its LaPorte, Indiana, plant. 


Direction of machine travel 
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Drive chain 


Spindles 
































RECESSED BARBED SPINDLES pick 
the cotton by catching the lint 
and rolling the fuzzy ball on 
their shanks. Plants are not 
Recessed borbs damaged because there is no 
relative motion between plants 
and drive chain. Forward mo- 
Spindle Detail tion of the picker exactly equals 
backward motion of spindles. 
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SLATS holding the spindles are 
tilted back by cams as they 
leave the picking area with their 
loads of cotton. This puts the 
spindles in the right position to 
pass through the stripper. Strip- 
ping fingers pull cotton from the 
spindles as they pass between 
them. A beater paddles the 
cotton into the air stream. 





SPRING-LOADED rubber tracks twirl 
the spindles as they pass through 
the picking part of the cycle. Each 
set of tracks is straddled by pairs 


of spindles. COTTON drops into a stream of moving air 


and is whisked through a riser into a loading 
basket. In vacuum systems, the cotton must 
pass through impeller blades with consequent 
damage to cotton seeds. In this system the 
impeller is behind the cotton. 
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SonaR operators have learned their trade by playing fox 
and hounds with the Navy’s U-boats. Now the submarines 
are released from their school role by a new torpedo-like 
device that acts and sounds like a real sub. It’s small enough 


COUNTERROTATING propellers, 
driven through coaxial shafts by the 
free-floating field and armature of 
an electric motor, eliminate need 
for stabilizing fins to counteract 
torque. Sub motor starts and pro- 
grammed mission begins when 
start switch is actuated by remote- 
control cable or by lanyard start. 
The start switch is detained by a 
pin. The lanyard pulls the pin to 
start the sub in a manner analogous 
to the arming of a hand grenade. 
Rudders and elevators are deflected 
by simple ‘‘bang-bang’ (on-off) 
controls. Each is operated by two 
solenoids—one for each direction 
of motion. With solenoids off, con- 
trol surfaces passively follow the 
streamline flow 


Bang-Bang Controls 


to be carried on a helicopter, and simple enough to be 
relatively trouble-free. A dye marker makes it easy to spot for 
pickup. The sub simulator was developed and built for the 
Navy by Clevite Corp., Cleveland, Ohio. 


Counection fer starting lanyard 


DEPTH CONTROL is a baro- 





metric diaphragm balanced 
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and water-pressure forces 
reach equilibrium, the mercury 
switch levels off. When the 
underwater drone departs 
from programmed depth, the 
mercury switch tilts, applying 
correction to elevator sole- 
noids. A servomotor changes 





Woter rial 
pressure 





Depth spring tension for a change 
control in program depth. Besides 

















es controlling depth, this system 
also controls pitching, since a 
tilt of the craft will actuate 
the mercury switch, just as a 


Down steering change in depth will. 
solenoid 
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Guide Sub Simulator 


GLASS-FIBER HULL of the sub simulator is built in sec- 
tions—each containing one of the operating functions. 
The simulator is positively buoyant and comes to the 
surface when its program is complete. Joints between 
segments are locked by a snap-ring and wedge com- 
bination that makes a streamline fastening. 


Electronics equipment includes receiver in the nose for 
sonar ‘‘pings,’’ amplifying equipment to give the ‘‘echo"' 
the right volume, a transmitter to produce submarine- 
like noises—principally the swish of the screw—and 
two transducers to transmit the noises. The high- 
frequency ‘‘tweeter’’ simulates echos and high-pitched 
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prop swish. The low-frequency ‘‘woofer’’ a magneto- 
strictive nickel sheet imbedded in the case of the guid- 
ance section, transmits engine rumble. Proper program- 
ming can produce propeller sounds for fast or slow mov- 
ing craft, can simulate broken propeller blades, and 
otherwise individualize the craft that is being simulated. 


AZIMUTH heading is controlled by a gyro compass. 
Desired course is set on a compass card driven by a 
dime-sized servomotor. When compass and card are 
not in line, error contacts send a signal to the proper 
rudder solenoid. Slow or fast turns to simulate large 
or small subs can be made by controlling speed of the 
servomotor. 


TAPE CONTROL containing program for the simulator's 
mission has five channels: Left, Right, Up, Down, and 
Stop. Signals from the first two channels operate the 
compass-card servomotor. The third and fourth operate 
the spring-setting servo in the depth control. The last 
channel actuates cutoff of the propeller motor. 





Simplified analysis eases the problems of 


Matching Servovalve and Load 


R. J. PROCACCINO, Project Engineer, Servocontrol Div., Oilgear Co., Waltham, Mass. 





Several types of load control can be provided by the 
proper use of the inherent characteristics of servovalves. 
This simplified analysis of the relationship of servovalve 
and load performance provides the basic information nec- 
essary for good system design. Future articles will discuss 
details of using servovalves to provide control of position, 


velocity, and force. 


draulic control systems requires an under- 

standing of both the basic principles of servo- 
valves and the practical analytical expressions which 
describe the dynamic behavior of a servovalve-load 
combination. 

This article presents the principles of a single- 
stage servovalve and an analysis of a four-way servo- 
valve controlling a load cylinder. Additionally, 
transfer functions for use in position, velocity, pres- 
sure, and force feedback-control systems are dis- 


A PPLICATION of servovalves in electrohy- 


cussed. 


> Internal Construction 


An electrohydraulic servovalve is an electrically 
controlled metering device that provides continu- 
ously adjustable fluid flow to and from an actu- 
ating device. The flow is varied by controlling 
the open area of multiple orifices in the valve—as 
contrasted to on-off control where flow is either 
blocked or presented with a fixed restriction. 

In single-stage servovalves, minute variations of 
flow can be obtained by varying these orifice open- 
ings. A limitation on the smallest increment of flow 
is usually imposed by the mechanical device which 
adjusts the orifices. Generally, this device is a torque 
motor in which the armature deflection is propor- 


148 Circle 14-6 on Page 19 for extra copy. 


tional to an electrical signal supplied to the windings. 


Basic Principles: Flow through an orifice creates 
a pressure drop comparable to the voltage drop 
produced by current flow through a resistance. Thus 
an internal impedance to flow is suggested. For 
hydraulic flow of a relatively incompressible fluid 
through an orifice, the nonlinear relationship is de- 
fined by Bernoulli’s equation, OQ = KP®®. 

Flow coefficient K is a measure of the “conduct- 
ance” of the orifice. The coefficient is determined 
by size and construction of the orifice and density 
of the fluid. 

Because of this pressure-flow relationship, a servo- 
valve may be used to control both pressure across 
an actuator and flow to its working areas. 


Swing-Plate Details: A four-way, swing-plate 
servovalve, Fig. 1, consists of three components: 1. 
The valve body which contains three ports. 2. The 
valve plate which incorporates the lands required 
to vary the size of the control orifices. 3. Canti- 
lever springs which support the valve plate. 

The torque motor moves the valve plate in re- 
sponse to a direct current applied to the control 
windings. Movement of the plate over the station- 
ary body changes the restrictions of orifices 1 to 
4, thus controlling flow and pressure drop through 
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the valve. Clearance between the valve plate and 
body prevents metal-to-metal contact. 

Movement of the plate to the right exposes cylin- 
der port B to the pressure inlet, and connects port 
A to the return. Thus, fluid flows down through 
port B to one side of the load cylinder and up into 
port A from the opposite side of the load cylinder 
and the piston moves to the left. Plate movement 
in the opposite direction causes movement of the 
piston to the right. 

In this type of valve, the lands and ports are 
carefully machined to eliminate overlap or under- 
lap of the metering edges. However, because of the 
clearance between the plate and body, slight orifice 
openings exist at the neutral position of the valve. 
Leakage flow occurs across these orifices from the 
pressure inlet to the return side of the pressure 
supply. 

Pressure drops across all four orifices are equal due 
to the identical orifice areas. Thus, the pressure in 
ports A and B is equal to one-half the supply pres- 
sure and there is no pressure drop across the piston. 


> Performance Characteristics 


Approximate indications of the expected perform- 
ance of a servovalve can be obtained by plotting 
data from direct measurement of flow and _pres- 
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sure drop through the valve. 


Flow versus Pressure: This characteristic is shown 
in Fig. 2. Because pressure supply is fixed, these 
curves also indicate the relationship between valve- 
output flow and valve pressure drop. For conven- 
ience, flow is usually plotted against load pressure. 

Since coefficient K in the valve-orifice relation- 
ship, O, = KP,°*, varies with orifice area, a curve 
is required for each valve displacement. Thus, a 
family of curves is required to cover the entire op- 
erating region.t For an underlapped valve, the 
relationship becomes more linear and the curves 
tend to straighten. 

Valve flow depends on both valve displacement 
and load pressure, and may be defined as O, = 
Cyx sg CoP}. 

C, is the partial derivative of flow with respect 
to valve displacement at a constant load pressure. 
On the family of curves this value is the vertical 
distance between successive displacement curves. C2 
is the partial derivative of flow with respect to load 
pressure at a constant valve displacement. This 
value is the slope of the curves. 

Both C, and Cy, vary considerably over the valve 
operating range. For stability analysis, only small 
valve displacements from neutral are considered. In 


1References are tabulated at end of article. 





MATCHING SERVOVALVE AND LOAD 


this range, C; and C2 remain fairly constant. Ci 
and C, are important factors in determiring the 
dynamic characteristics of the valve-actuator-load 
combination. 

To obtain experimentally the flow-versus-pressure 


Nomenclature 





Piston area, sq in. 
Bulk modulus of oil, psi 
Viscous-damping coefficient of valve plate, 
lb per in. per sec 
Viscous-damping coefficient of load and 
piston, Ib per in. per sec 
Compressibility coefficient of control lines 
and oil, cu in. per psi 
K, + V/4g 
Flow-gain coefficient of valve, cu in. per 
sec per in. 
Pressure coefficient of valve, cu in. per 
sec per psi 
Piston force, lb 
Torque-motor force, Ib 
Torque-motor current, amp 
Flow coefficient 
Load spring constant, lb per in. 
Elasticity coefficient of control line, cu in. 
per psi 
Spring constant of flow-reaction force, lb 
per in. 
Coefficient of leakage flow across piston, 
cu in, per sec per psi 
Spring constant of torque motor and valve 
cantilever springs, lb per in. 
Mass of valve plate and torque-motor arm- 
ature, lb per in. per sec? 
Mass of load and piston, lb per in. per sec? 
Pressure, psi 
Toad differential pressure, psi 
Increment of load differential pressure, psi 
Supply pressure, psi 
Valve pressure, psi 
Fluid flow, cu in. per sec 
Total valve flow, cu in. per sec 
Compressibility flow in control lines and 
load cylinder, cu in. per sec 
Leakage flow across load piston, cu in. per 
sec 
Valve flow due to load pressure, cu in. per 
sec 
Flow to load piston, cu in. per sec 
Valve flow due to valve plate displace- 
ment, cu in. per sec 
Derivate with respect to time, sec-1 
Increment of time, sec 
Total volume of oil under compression in 
control lines and cylinder, cu in. 
Valve-plate position, in. 

dx /dt Valve-plate velocity, in. per sec 

d*zx/dt? = Valve-plate acceleration, in, per sec? 
y = Load-piston position, in. 
dy/dt = Load-piston velocity, in. per sec 
d*y/dt2 = Load-piston acceleration, in. per sec? 
#, = Natural resonant frequency, radians per 

sec 
Damping ratio 
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Fig. 2—Valve-output flow versus load pressure. 


characteristic over the entire operating range re- 
quires considerable time and effort. In most in- 
stances, an approximate measure of servovalve per- 
formance may be obtained by measuring the no- 
load flow characteristic and the static-pressure-gain 
characteristic. 


No-Load Flow: This characteristic, Fig. 3, is 
shown by a plot of valve output flow versus valve 
displacement, with the total supply pressure avail- 
able as pressure drop across the valve. No-load 
flow can be plotted as a line along the P; = 0 axis 
of Fig. 2. The curve is linear since the relationship 
O, = KP,°®*® becomes O, = K’P,°5, in which P, 
is a constant. The slope of the curve is equal to 
the value of C, at P; = 0. 

Data to plot this curve can be obtained from 
measurements of flow, at various valve displace- 
ments, taken with the control ports externally con- 
nected. 


Static-Pressure Gain: A plot of load pressure 
versus displacement, Fig. 4, provides a measure of 
static-pressure gain. Static-pressure gain can be 
plotted as a line along the Q, = 0 axis of Fig. 2. 
This characteristic provides a measure of the valve’s 
ability to generate load force. This is an im- 
portant consideration in most closed-loop systems 
in which accuracy depends on system ability to 
overcome load static friction with a small valve 
movement. The steeper the static-pressure-gain 
characteristic, the better the system’s capability to 
generate load force for a given valve displacement. 

The slope of the curve is equal to C,/C, at zero- 
load flow. This quantity is approximately inversely 
proportional to the cross-port leakage flow. A valve 
with zero leakage would have a pressure-gain curve 
of infinite slope. A minute movement of the valve 
would develop full supply pressure across the load. 
As leakage increases, the slope decreases. 
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Fig. 3—No-load flow characteristic. 


In a swing-plate valve design, movement of a 
0.001 to 0.002-in. portion of a total stroke of 0.015 
in. is a typical displacement necessary to produce 
full-load pressure. 

The static-pressure-gain characteristic may be ob- 
tained directly from the blocked-port pressure char- 
acteristic. 


Blocked-Port Pressure: This characteristic, Fig. 5, 
is shown by a plot of control-port pressure versus 
valve-plate displacement with zero flow to the load. 
Zero-load flow measurements may be obtained while 
the control ports of the valve are blocked. 

Leakage flow across the valve orifices establishes 
a pressure in each control port equal to one-half 
the supply pressure, with the valve plate at the 
neutral position. With the control ports blocked, a 
change in control-port pressure is produced by 
movement of the valve plate from neutral. This 
pressure change is caused by the relative change 
in orifice areas. If the valve plate is moved to the 
right, Fig. 1, the pressure drop due to leakage flow 
across orifices 1 and 3 decreases, while the pres- 
sure drop across orifices 2 and 4 increases. Thus, 
the pressure in port B increases and that in port 
A decreases. 

A plot of these pressures for valve-plate displace- 
ment in both directions produces the blocked-port 
pressure characteristic curves. The difference be- 
tween these curves represents pressure across the 
load. A plot of the differential pressure represents 
the static-pressure-gain characteristic. 


> Dynamic Analysis 


In the following analysis of a four-way, swing- 
plate valve driving a piston actuator, analytical 
expressions describe the relationships between valve 
displacement and piston position, velocity, and force. 
These expressions are in the form of transfer func- 
tions employing the La Place transform notation. 
For the sake of simplicity and practicality, many 
second-order effects such as friction, temperature, 
changes in oil characteristics, and hysteresis are neg- 


lected. 


July 6, 1961 


T 


0 25 50 75 100 


Valve Displacement, X (per cent) 


Fig. 4—Static-pressure-gain characteristic. 


Results of the analysis are represented diagram- 
matically in Fig. 6. This functional block diagram in- 
dicates the dynamic relationships in the valve ac- 
tuator-load system. 


Valve Mechanical Response: In an analysis of a 
valve-load system, the response of the mechanism 
used to vary the valve orifices must first be de- 
termined. In the swing-plate servovalve, this re- 
sponse is the relationship between valve-plate po- 
sition (output) and torque-motor force (input). 

The transfer function describing this response may 
be developed from the force equation: 

d2x dx 


F, = M, —— + B, —— + (K, + Ky) x (1) 
t 1 at ao 8 f 


By the La Place notation: 

F,(s) = (M48? + BS + K, + F;) X(s) 
Thus, the response transfer function is 
p 

X(s) _ Ky 

F,(s) M, Bi 

mene QR a 8 
K, Ky 





where 
Ky = K, % K; 


This expression is typical of a mass spring sys- 
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Fig. 5—Blocked-port pressure characteristic. 
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MATCHING SERVOVALVE AND LOAD 


Fig. 6—Functional block diagram of 
four-way servovalve and load cylinder. 


tem with an undamped mechanical resonant fre- 
quency of 


y a don. (4) 


M, 


K; is a spring force created by the flow of oil 
through the valve. This coefficient varies as the 
square root of the supply pressure. 

For the swing-plate valve w, normally ranges from 
200 to 300 cps. In most applications, this value is 
considerably higher than the critical frequencies of 
the overall system. Therefore, the valve mechanical 
response may be considered equal to a constant. 


Load Response to Flow: After the mechanical re- 
sponse of the valve is determined, load response to 
flow from the valve is investigated. 

Flow from the valve results from a difference be- 
tween theoretical flows q, and qz, where qp = CoP; 
and 4q, C,x. Flow dp is the result of dependence 
of flow on pressure drop. Flow qz is the flow that 
would exist if the total supply pressure were avail- 
able across the valve. However, since the pressure 
supply is fixed, any pressure drop across the load 
lowers the available pressure across the valve. 
Therefore, q, is the loss in available flow due to 
the existence of load pressure. Flow q, may also be 
considered negative feedback from the load, as 
indicated in Fig. 6. 

However, for an overhauling load, P; is a nega- 
tive quantity. Thus, pressure across the valve ex- 
ceeds the supply pressure. Flow q, adds to flow q, 
producing the characteristics shown in the second 
and fourth quadrants of Fig. 2. 

Flow from the valve is composed of three parts: 
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1. Flow q, which imparts a velocity to the piston. 
2. Leakage flow q across the piston. 3. Compressi- 
bility flow qe. 

Piston flow q,, considered as useful flow, is de- 
fined as 

dy 

,— A—- 5) 

q at ( 

Leakage flow qi, which represents a flow loss, is 
proportional to differential load pressure if the flow 
is considered to be laminar. Thus, 


q = KP; (6) 


Compressibility flow q, also represents a flow loss. 
This flow is required to compensate for the oil- 
volume change that occurs in the control lines and 
load cylinder when a differential load pressure is 
applied. The change in volume is due to the elas- 
ticity of both the lines and the oil. Since the change 
in oil volume is directly proportional to load dif- 
ferential pressure, the change of volume per unit 
time (flow) is proportional to the rate of change 
of load pressure. Thus, 


AP 
q. = C— (7) 


At 

This expression for compressibility is valid for 
small displacements of the piston from its mid- 
stroke position. At mid-position, compressibility ef- 
. 9 

fects are most severe in a four-way control system.” 
Total valve flow is Q, = qr + qi + Ge = We — - 
Load Pressure: The pressure developed across the 
piston creates, on the pistonface, a force which can 


be used to do work on the load. This force is used 
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to accelerate the load mass, overcome viscous fric- 
tion, and deflect the load spring. Static friction 
and other load disturbances are considered to be 
zero. Piston force is defined as 
F,=P,A 
d*y 


= M + B dy + KE 
- 2 at ay 2Y 


Thus, 


P= (Mm oY a + ew) 
EES” Scala” _ 


> Control Capabilities 


Servovalves can be included in a system to pro- 
vide any of several types of control. Primarily, this 
capability results from the pressure-flow relation- 
ship which permits a servovalve to control both 
pressure across an actuator as well as flow to the 
working area. 

Equations 5 through 8 can be combined and re- 
arranged to provide a useful design expression for 
the relationship between piston position and valve- 
plate position: 

Y(s) ay 

X(s) a283 + a38?2 + ayS + as 
where a; = C,A; ag = CM2; ag = (Ki + Co)Me + 
CB; a = (K; + C2) Bo i CK - Ag; and as = 
K2(K; + C2). 


Position: If load spring, piston leakage, and vis- 
cous friction are considered negligible, the transfer 
function of piston position versus valve-plate po- 
sition is 

Ci 
Y(s) A 
X(s) CM2 CoMe2 
A2 A2 / 

The undamped natural frequency of the system is 

= 


n= VY — (10) 
Me 


where A?/C 
and lines. 
The damping ratio is 


the effective spring constant of oil 


Velocity: The ratio of piston velocity to valve- 
plate position is used if 


(2) 
meee Ete) 
dt / 


X(s) 


The steady-state velocity (S — 0) is equal to C,/A, 
which is the valve flow per unit displacement of 
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the valve plate divided by the load-piston area. 


Force Feedback: Piston output force is related to 
piston position by 

F,(s) = [Y¥(s)] (M28? + BS + Ke] (13) 

In a force-feedback type control system, load 
spring is usually appreciable. If piston leakage and 
load viscous friction are considered negligible, the 
force transfer function is 


F,(s) 
X(s) 


(14) 


Pressure Feedback: The relationship between load 
differential pressure and valve-plate position can 
be obtained by dividing Equation 14 by the load 


piston area: 


P;(s) | C; M2 CM2 _. . 
-———. = | ——.{ —S82,+1 / S3 + 
X(s) C2 ( K> ) KC» 


—S+1 


CK, + A2 
+ (15) 
K2C2 


The steady state gain (at S = 0) is P,/X = 
Ci/Cy. This value is also the static-pressure-gain 
characteristic of the valve. 


> Application 


The expressions for piston position, velocity, or 
force versus valve displacement are in a form suit- 
able for use in over-all system synthesis or analy- 
sis by standard servo techniques. 

Although the analysis shown is for a swing-plate, 
single-stage servovalve, the transfer functions relat- 
ing valve displacement to piston output also apply 
to other four-way valves such as the spool and 
sliding-plate type. 

Additionally, these expressions can be applied to 
two-stage valves having a spool-type second stage. 
In this situation, the second-siage spool is con- 
sidered equivalent to the piston load in the analy- 
sis. Feedback from the second-stage spool to the 
input of the first stage must then be included. The 
transfer function relating second-stage spool dis- 
placement and actual piston load are the same as 
those shown. 

These expressions also apply to rotary-type actu- 
ators. For these situations, the coefficients must be 
converted to the corresponding rotary values. 
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° ° axial alternating stress- 

A design guide: fea a robles can be 
/ simplified by relating 

these stresses to a single 


i r e Vv ea n tT F n g allowable fatigue stress. 


Fatigue 
Failures 


Part 6 — Biaxial Fatigue Stresses 


F. B. STULEN ESIGNING structural components to with- 

Assistant Chief Engineer stand static combined stresses presents no spe- 

cial difficulties. An assortment of failure cri- 

H. Deir ceca vet teria is available: Maximum stresses, maximum shear, 

etc. However, when it is necessary to cope with the 

effects of combined fatigue stresses—that is, stresses 

in two or more directions—the problem is more 

complex, for a method must be found for relating 

Propeller Div. these stresses to a fatigue criterion, or a single allow- 
Curtiss-Wright Corp. able fatigue stress. 

Caldwell, N. J. A simple failure criterion’* has been established 
for biaxial and triaxial fatigue stresses. It has been 
checked for both brittle and ductile materials and 
found to give consistently better correlation than 
any other method. 

This criterion is expressed in terms of the princi- 
pal stresses. Since biaxial stresses are a special case 
of triaxial stresses in which one of the three principal 
stresses is zero, a single criterion is expressed in terms 
of the largest, pi», and the smallest, ps,, principal 


W. C. SCHULTE 
Chief Metallurgist 


1References are tabulated at end of article. 
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stress. In a biaxial system, if the two principal stresses 
are of opposite sign, the intermediate stress, +po» 
= 0, as shown in Fig. 26a; if they are of the same 
sign, the lowest stress, p3, = 0, Fig. 26D. 

Application of this criterion requires, first, the con- 
version of imposed alternating stresses into principal 
alternating stresses. Then the principal stresses are 
converted into an equivalent effective uniaxial alter- 
nating stress by computing the effective uniaxial 
principal alternating stresses: 


Sept = Dis Ne P3v (1) 


This value should be kept smaller than the fatigue 
strength of the material. Then, for vibratory stresses, 
the value of S,,; must not exceed the allowable work- 
ing stress based on S,». To solve any situation, then, 
it is only necessary to compare the computed value 
of S.+7 to the allowable stress. 


> Principal Stresses 


In any case of multidirectional stressing, it is pos- 
sible to calculate three principal stresses, on mu- 


























< % 


(9) 


Fig. 26—General case of multiaxial principal stresses, 
where, a, principal fatigue stresses p,, and p,, are of 
Opposite signs and, b, principal fatigue stresses p,, 
and p,, are of same sign. 


tually perpendicular planes. On these principal 
planes, the shearing stresses are all zero. Calculat- 
ing these triaxial principal stresses, and their direc- 
tion, involves some rather tedious computations. For- 
tunately, in most cases of fatigue stressing, failures 
nucleate on, or close to, the surface. Thus, there 
can be little, if any, stress in a direction normal 
to the surface. This means that in such cases one 
of the principal stresses may be assumed to be zero, 
and the applied fatigue stresses can be analyzed as 
a biaxial stress system. Parts subjected to high sur- 
face contact stresses, such as bearings, would be one 
exception to this general statement. 
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The principal stresses derived from the applied 
biaxial stresses will, of course, be in the plane of the 
applied stresses, and the stress normal to their plane 
will be zero. If the three general principal stresses 
are arranged in order of magnitude, pi» will be al- 
gebraically largest, po, the next, and ps3, the smallest. 

In a biaxial stress system, one of the three principal 
stresses is zero. Since the applied loads cause reversed 
fatigue stressing, there is an instant in each cycle 
when at least one of the other principal stresses is 
at a maximum positive value. If, at that instant, the 
other biaxial principal stress is negative (compres- 
sion) then the zero stress is between the two, and 
Pov = 0. If both biaxial principal stresses are posi- 
tive at the same instant, ps3, = 0. For example, in 
Fig. 26a stress values might be: pi, = +10,000 psi, 
Pov = 0, ps» = —5000 psi; in Fig. 26b, pip = 
+20,000 psi, po, = +6000 psi, ps, = 0. 

In calculating the effective uniaxial alternating 
principal stress, the designer must take into account 
the signs of the principal stresses. This means, of 
course, that if the stresses are of opposite sign, the 
second term of S,;; becomes additive; if they are of 
the same sign, the second term becomes zero. In 
either case, fatigue ductility, material constant A, 
and the anisotropy of the material should be con- 
sidered. 

Equation | for the effective stress was developed 
for the case where pi, and ps3, reach their extreme 
values at the same time in each cycle. As indicated 
in the Nomenclature, p1, and ps, are the amplitudes 


Nomenclature 





Principal stress, psi 

Arithmetically largest principal steady stress, psi 
Algebraically largest principal alternating stress in 
a cycle, psi 

Intermediate principal alternating stress, psi 
Smallest principal alternating stress, psi 

Fatigue strength in direct stress, psi 

Effective uniaxial principal alternating stress, psi 
Fatigue strength for given direction of piv, psi 
Direct stress, psi 

Minimum direct stress, psi 

Maximum direct stress, psi 

Stress acting normal to x-plane, psi 

Stress acting normal to y-plane, psi 

Angle between direction of rolling or forging and 
that of piv, deg 

Material constant 

(Seo/Te) Hed 

Shear stress, psi 

Fatigue strength in shear, psi 

Maximum shear stress, psi 

Shear in x-plane, in y-direction, psi 

Shear in y-plane, in x-direction, psi 

Angle between planes, deg 
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of fully reversed principal stresses. If a stress sys- 
tem is not fully reversed, it must be broken down 
into a fully reversed component and a mean (steady) 
component. Only the reversed component is used in 
calculating S¢y;. 


> Fatigue Ductility 


For an isotropic material, constant A is one less 
than the ratio of tensile fatigue limit to torsional 
fatigue limit. For anisotropic material, has direc- 
tional properties, as indicated by the subscript 0. 

Although it has been known for a long time that 
the mechanism of fatigue is primarily a matter of 
slip, or shear, comparatively little testing has been 
done on the shear fatigue strength of metals. Con- 
sequently, it is necessary in most cases to use ap- 
proximate values of A based on the fatigue ductil- 
ity of the material. In tests, Fig. 27, A has cor- 
related fairly well with static reduction of area 
for a number of materials for which data were 
available.* However, this is a very crude guide to 
fatigue performance, since static-test behavior is 
not strongly affected by inhomogeneities. On the 
other hand, fatigue behavior depends on some 
minute inhomogeneity and is strongly localized at 
the inhomogeneity. For this reason, fatigue ductility 
can be, and frequently is, considerably different 
from static ductility. However, if no data are available 
on the value of 7,, so that A cannot be computed, 
its value must be assumed. Table ! lists some values 
of A for several degrees of ductility.‘ 

Although the theoretical value of A is limited to 
a range of 0 to 1.0, the actual value has been occa- 
sionally found to be greater than unity. In these 
cases, it is likely that something—for example, 
stringer-like inclusions, longitudinal cracks, etc.— 
is causing an abnormal weakness in resistance to 
shear, so that 7, is lower than usual. Such might 
be the case if the transverse fatigue strength were 
known to be very low in comparison with the longi- 
tudinal fatigue strength. 


> Effect of Anisotropy 


Structural materials, especially if they have been 
forged or rolled, may have “longitudinal” fatigue 
strengths different from “tranverse” fatigue 
strengths. This property of not having the same 
characteristics in all directions, called anisotropy, was 
discussed in Part 4 of this series. In the case of 
multiaxial stressing of some materials, it may seri- 
ously affect the fatigue strength, since the principal 
stresses are rarely in the longitudinal direction. 

Since A depends on S,, and S, in the effective- 
stress formula has a subscript 6, it is obvious that A 
itself has directional properties and should also have 
the subscript @. Unfortunately there is very little 
quantitative information about how fatigue strength 
varies as the direction of stressing swings away from 
longitudinal to transverse. 
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Until extensive laboratory studies can be made 
and the laws of variation determined, the allowable 
strength in oblique directions should be decreased 
by 20 or 30 per cent. In line with this, the value 
of S,» used for computing A and S,,, should be re- 
duced somewhat from the longitudinal fatigue 
strength. The amount of the reduction is a matter 
of judgment except in the very rare case where de- 
finite data are available. 


> Sample Calculations 


Case 1: A smooth structural part intended for 
long-life use under constant-amplitude fatigue load- 
ing has been tentatively designed. Unit fatigue 
stresses will be +20,000 psi in the longitudinal direc- 
tion and +10,090 psi in the transverse direction. 
There is a shear of £13,500 psi in the transverse 
plane. Steel is electric-furnace aircraft quality SAE 
4340, hardened to no more than Re 40. 

Is the design acceptable, or should the part be 
redesigned so that stresses are reduced or increased? 

The design will be acceptable if S,,,; does not 
exceed the allowable fatigue stress based on a long- 
life strength of the SAE 4340 steel under specified 
conditions, which include freedom from corrosion, 
fretting, and surface imperfections. 

The first step is to compute principal stresses piv 
and pz,, and angle 6. These can be computed by 
means of Mohr’s circle for plane stress, Fig. 28. Not 
only the principal stresses, but the normal and 
shear stresses on any plane can be computed from 
Mohr’s circle. 

Monr’s Circie: To construct Mohr’s circle, first 
draw rectangular axes for s and 7, intersecting at 0. 
The usual (but not necessary) convention is to 
draw the 7 axis as a vertical and the s axis as a 
horizontal line, with positive values plotted up or 
to the right, as shown. Stresses to be plotted are: 

8,= +20,000 psi; s,,= — 10,000 psi; r,,,= — 13,500 psi 

Lay out OA = s, = +20, and OB = s, = —10 
on the s-axis. From A plot AC = ry = —13.5, 
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Fig. 27—Values of material constant \ and reduction of 
area at static fracture for various materials under test. 
Materials A to L are wrought; M and N are cast. This 
chart shows the correlation between \ and area reduction. 
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parallel to the r axis, and from B plot ry, = +13.5, 
since any shear is accompanied by an equal shear of 
opposite sign on a plane at right angles to it. Draw 
DC, crossing the s axis at E. Point E is the center, 
and DC is a diameter of Mohr’s circle for the given 
data. Draw the circle, intersecting the s axis at F 
and G. Perpendicular EH completes the diagram. 

Each point on the circumference of the circle rep- 
resents, by its s and + co-ordinates, the normal and 
the shear stress condition on some plane whose 
direction is indicated by one-half the angular dis- 
tance of the point from fixed point C. Point C has 
co-ordinates s, and 7,,, and therefore represents 
conditions on the x plane of applied stress. Similarly, 
point D by its s and 7+ co-ordinates represents con- 
ditions on the y plane of applied stress. Angle 2¢ 
between C and D is 180 deg, which is twice the 
known angle of 90 deg between the x plane and 
the y plane. 

PrincipaL Stresses: Principal direct stresses are 
represented by OF and OG in Fig. 28, since F and 
G have the maximum and minimum s co-ordinates, 
and zero shear. These stresses may be computed 
by simple geometry from Mohr’s circle. Thus, 
Pw = OF = OE + EF = 25,200 psi = Sues; 
Ps = OG = —(EG—OBE) = —15,200 psi = sux. 

The angle between the x plane and the plane of 
Pw = (tan! AC/EA) = (tan 13.5/15) = 21 
deg counterclockwise. 

Principal shear is represented by EH, so that 
tmar = EH = +20,200 psi, at 0.5 (90 deg) counter- 
clockwise from p1,; that is, at 66 deg counterclock- 
wise from the x plane. 

ALLowaBLE Stress: Assume that a limiting (allow- 
able) stress for an acceptable design is the long-life 
value of adjusted fatigue strength for Re 41, in 
Fig. 21. This is 43,000 psi, reduced somewhat by an 
allowance for anisotropy. Computations have given 
only a 21-deg difference in direction between the 
maximum principal stress and the direction of rolling 








Fig. 28—Typical Mohr’s circle for plane 


stress, Case 1. At point C, ¢=0. 
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Table 1—Theoretical Values of Material Constant A 
Degree of Ductility 








Medium (Forged Steel, Aluminum, etc.) 
Low 

Very Low (Cast Iron) 

Practically None (Very Brittle) 





(longitudinal). This seems to warrant using only, 
say, 5 per cent allowance for anisotropy. Thus, the 
criterion, S,;, = 0.95 (43,000) = 41,000 psi, allow- 
able effective principal stress. 

Conctusions: If medium ductility is assumed, 
then from Table 1, 4 = 0.7. Therefore the “ef- 
fective” principal stress caused by the loads, Sey = 
Pi» — Pav = 25,200 — 0.7 (—15,200) = 36,000 psi. 
This is somewhat less than the allowable stress, 
41,000 psi, but not enough below this stress to 
warrant redesign. 

If the steel is considered to be somewhat brittle, 
which might perhaps be indicated by extremely low 
reduction of area, it might be better to use a A value 
of, say, 0.5 which would give an effective principal 
stress, Sey, = 25,200 —0.5 (—15,000) = 33,000 psi, 
which is considerably less than the allowable value. 


Case 2: Assume that in Case 1, the +20,000- 
psi stress is transverse to the direction of rolling and 
+10,000 psi is longitudinal. The principal stresses 
are computed just as in Case 1, but the direction of 
principal stress p;, is at an angle of 21 deg with 
the transverse direction; that is, 79 deg with the 
direction of rolling. This requires more reduction 
than previously in the allowable effective stress. 

The allowance for this anisotropy is in most cases 
a matter of judgment. One source* suggests that 
transverse fatigue strength be taken as roughly 80 
per cent of the longitudinal strength. In the present 





Fig. 29—Mohr’s circle for Case 3. As 
in Fig. 28, at C, ¢=0. 
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case, assuming a 15 per cent reduction at 79 deg, 
the allowable effective principal stress S.yy = (0.85) 
(43,000) = 36,500 psi. Since the computed stress 
is 36,000 psi, the computed stresses are acceptable. 


Case 3: Assume the same steel as in Case 1 and 2, 
but applied stresses of +30,000 psi longitudinal, 
+15,000 psi transverse, and +5000 psi shear. 

PrincipaL Stresses: For sz, = +30,000 psi; 
Sy = +15,000 psi, zz, = +5000 psi, Mohr’s circle is 
shown in Fig. 29. From the geometry of the circle, 
Pie = OF = +31,500 psi; pop = OG = +13,500 
psi; Pa, = 0 (Fig. 26b); ¢ = —I17 deg; tmss = 
EH = +9000 psi at +28 deg with the longitudinal. 

ConcLusions: The criterion (Sy) should be 
readjusted for a small amount of anisotropy, since 
Pi» is at 17 deg with the longitudinal. On the basis 
of a 3 per cent reduction (a purely arbitrary as- 
sumption), allowable S.,, = 0.97(43,000) = 42,000 
psi. Assuming medium ductility, actual S.,, = 31,500 
— 0.7 (0) = 31,500 psi. For this type of stressing, 
with the principal stresses having the same sign, 
the value of A turns out to be immaterial. 

Stresses caused by the loads are acceptable, based 
on the assumptions made. However, a redesign to 
produce somewhat higher stresses would be worth 
investigating. 


Case 4: Identical to Case 3 but with principal 
stresses computed from textbook formulas. 
The principal-stress formula is 


pees (SE a? 
2 mie” 2 ™ 


from which 


30 + 15  ( 30 — 15 T 
p —— + a + 
2 2 


% 
(5)? ] = + 31,500 or 13,500 psi 


The angle between the x axis and the principal 
stress is obtained from 





Adjusted S,, 


Ult. ten. 
strength 





Effective Principal 
Vibratory Stress, Sorg¢ 





Principal Steady Stress, 2 
m 











Fig. 30—Goodman diagram for biaxial fatigue stresses. 
This diagram uses the effective uniaxial vibratory stress 
as the dependent variable, and the steady major principal 
stress as the independent variable. 
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—2¢r ~~ 4 
tan 2¢ = = 


;¢ = —17 deg or +73 deg 
8, — 8y 15 





Since anisotropy is important, it is necessary to 
know whether pi», £31,500 psi, is at 17 deg or 73 
deg to the longitudinal. This is done by solving 
another formula for principal stress, to see which 
value of ¢ gives p = +31,500. 

Sp+8y | 8 — & 
p= r + ; cos 2¢ — rsin2¢ 





Assume ¢ = —17 deg. Then, 
p = 22.5 + 7.5(0.83) —5(—0.56) = 31,500 psi 


Therefore, pi, is at 17 deg to the longitudinal. 
As shown in Case 3, the principal stress is ac- 
ceptable if it does not exceed 42,000 psi. 


> Special Effects 


Steady Stress: In general, the principal stresses re- 
sulting from steady stresses superimposed on 
vibratory stresses will not act in the same direction 
as the principal vibratory stresses. This makes 
(Piv + Pim), the crest principal stress, meaningless. 
It has been found best to consider (piv — Pav) as a 
sort of equivalent effective principal vibratory stress 
and to investigate the reduction of this effective 
stress caused by the steady pim. This amounts to 
using a Goodman diagram with the effective un- 
iaxial vibratory stress as the dependent variable, and 
the steady major principal stress as the independent 
variable, Fig. 30. 


Notches: It has been found experimentally that the 
criterion S,y is valid for any type of notch sub- 
jected to combined biaxial stresses, although the 
reason is not clear at the present time. Since there 
are even fewer data on 7, for notched specimens 
than there are for smooth specimens, an approxi- 
mate solution can be obtained when combined 
stresses are applied to notched material. The pro- 
cedure is to correct the vibratory component in 
the Goodman diagram by means of an appropriate 
notch-strength-reduction factor. 
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Calculating deflections in 


Stepped Shafts and Nonuniform Beams 


R. BRUCE HOPKINS, Senior Engineer, John Deere Tractor Research & Engineering Center, Waterloo, lowa 








Arranged for solution on a desk calculator, this straightforward meth- 
od predicts deflections at any and all points in stepped shafts and 


variable-section beams. 
and continuous beams. 


EVERAL methods are available for determining 
deflections in stepped shafts and variable-sec- 
tion beams. None is as simple as calculating 

by conventional beam formulas the deflections in 
a shaft or beam of constant cross section. Graphical 
methods of finding the deflections in stepped shafts 
are probably the most widely used. 

This article explains a numerical method of carry- 
ing out the same steps as in a graphical method. 
If a desk calculator is available, the work can 
be performed rapidly with any number of digits. 
No drawing is necessary. Sacrifices in accuracy, 
such as may occur when a long shaft is diminished 
in scale to fit an available drafting board, are 
avoided. 

The basic equation for small deflections of a 
straight beam is 

d2y M 


dx? EI 


Two integrations are required to obtain deflections 
after the bending moment curve is determined. 
Since the integrations are not performed over 
infinitely small increments of length, a shaft is 
first divided into convenient intervals. ‘To simplify 
calculations, these intervals are chosen to begin 
and end at changes in cross section and preferably 


Applications include simple, overhanging, 


also at concentrated loads. 


N9ISad|: 


Moreover, accuracy of the calculation is increased | 


if relatively long, uniform portions are divided 
into two or more intervals. A convenient way to 
identify the ends of intervals is by station numbers. 


> Numerical Method 


Explanation of the method is presented by solv- f 


ing four typical examples. Example | is a simple 
shaft (or beam) with two concentrated loads. Those 
details of finding deflections that apply also to the 


other examples are set forth as a series of 14 steps. [ 


As each step is performed, the numerical results 


Nomenclature 





Shaft diameter, in. 

Force or applied load, lb 

Moment of inertia, in.* 

7D*/64 for round shaft 

Bending moment, lb-in. 

Reaction, with subscript to indicate station, lb 
Vertical shear, Ib 

Co-ordinate distance along shaft axis, with Ax in- 
dicating distance between two adjacent stations, in. 
Deflection at any distance x, mu in. 

Slope, mu radian 


~ 3S 
Hou ue ue ud uw ue u 


ata 


Hil 


=e 





3 
Station No. 
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Consecutive station numbers, running from 
left to right, identify not only the beginning 
and end of each constant-section interval but 
also the position of each concentrated load or 
reaction. 


Circle 14-8 on Page 19 for extra copy. 
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are recorded in the columns of the calculation form, 
which can be a standard form. 

One deflection problem differs from another 
chiefly in the method of finding reactions and in 
finding the values to be entered in columns 13 and 
14. These details are explained in the text describ- 
ing the type of beam and loading involved. 


> Simple Beam 

Prior to calculating tabular values for Example 1, 
reactions R, =1344 lb and R; = -—444 lb are 
found by statics. Then, steps 1 to 14 are carried 
out in order. 


Slight variations in method occur for different 
problems in finding the integration constant values 
for column 13. In general, they are calculated by 
summing the deflection increment values in column 
12 to obtain Sy. The sign of Xy is changed and 
the sum divided by the distance between the re- 
actions to obtain the integration constant per inch 
of length. 

For Example 1, the integration constant is 
—1021.966/6 = —170.328 mu in. per in. of length. 
This value is multiplied by Ax values from column 
4 to obtain the integration constant for each in- 
terval. These are listed on the same lines as the 
average slope and deflection increments. 


Deflections in Simple Beam: In column 14, zeros 








Step-by-Step Procedure for Finding Shaft and Beam Deflections 


. Divide shaft (or beam) into lengths with intervals be- 
ginning at each force and change in section. 


2. Label the ends of intervals with station numbers begin- 
ning at the left-hand reaction or force. 


. List station numbers on alternate lines in the first column 
of calculation sheet. 


. List reactions and forces in column 2 on the same lines 
as the station numbers at which they occur. Care should 
be taken to designate proper signs to forces and reactions 
(upward forces are considered positive in all the examples). 


. Calculate the vertical shear at each station by summing 
the values in column 2, Tabulate each shear value in 
column 3, one station below the station for which it is 
calculated. The last shear value should be numerically 
equal to but opposite in‘sign to the last force listed in 
column 2. 


6. In column 4, on the same line as the station number, list 
the distance to preceding station. 


. Calculate bending moment at each station and list the 
values in column 5. Value at the first station is zero. 
Values at succeeding stations are obtained by summing 
the products of V (column 3) and 4x (column 4). 


. Calculate the moment of inertia I in bending for each 
interval. Place the J values in column 6 on the line be- 
tween the two stations at which the interval begins and 
ends. 


. Multiply each I value by modulus of elasticity E and insert 
the EI values in column 7 on same lines as corresponding 
I values. Here, E = 30,000,000 psi. 


. Divide each bending-moment value in column 5 by the El 
values in column 7 which precede and follow it. List these 
values in column 8. 


Example 1—Simply Supported Steel Shaft with Two Concentrated Loads 





5. 
Bending 
Moment M 
Note 2 


1. 
Station 
Number 
From 


3. 
Shear at 
Preceding 
Station 


4. 
Distance 
Between 
Stations 


2. 
Force F 
or 
Reaction R 

Left 


(ib) V (db) Note 1 (in.) (Ib-in.) 


6. 7. . 9. 10. 
Moment EI Average Slepe 
Column 8 


(wax) 


of —- 
Inertia 106 
Note 3 


T (in.4) (ib-in.?) 





R, = 1344 


0 
157.749 


49.909 
114.079 


114.079 
35.013 


59.746 245.122 


—60.181 


—60.181 244.904 


— 28.027 


—51.912 
0.134 


178.147 





MAcHINE DesIGN 





(mu radian) 


values can be readily obtained by using the accumu- 
lative multiplication key. However, if a slide rule 
tion curve is obtained by summing together the de- must be used, it is more convenient to insert an 
flection increment and integration constant values additional column in which to list the moment in- 
from columns 12 and 13. These deflection values are © crements and then add these increments to obtain 
placed on the same lines as the stations. the bending moment at each station. 


are placed opposite the stations at which reactions oc- 
cur because these points have zero deflection. A deflec- 


Check Calculations: Certain checks for errors can Modifications: When the same value of I occurs 
be made during the course of the calculations. The several times, it is more convenient to calculate 1/EI 
shear diagram must return to zero at the last sta- | values instead of EI values because multiplication 
tion. Likewise, the moment diagram should become can be performed more rapidly than division on a 
zero at the last station unless a moment is acting at _ calculator. If the entire shaft is made of the same 
that point. In many practical cases, the moment at _— material, division by E can be deferred until the 
the last station will be slightly different from zero very last operation, if desired. 
because of rounding of the values used for reactions. If the integration constant is not accounted for 

If a desk calculator is used, the bending moment in the calculations, a skewed deflection curve will 





. Obtain the average M/EI value for each interval by av- 
eraging the values on the line on which the station is 4 : 
listed and the following line. List the average values on 
‘ ; ‘ Station No. 1 
the lines between stations in column 9. 
R, =1344 


. Calculate the slope values in column 10 starting with zero 
ececnene ale 


at station 1. Succeeding values are obtained by summing 
the products of (M/EI)avg from column 9 and the Ax 
value on the next lower line of column 4. These values 
are listed on the same lines as the stations. 


Shear, (Ib) 
~~ 


. Average the slope values in column 10 at the beginning 
and end of each interval. These values are listed on the 
lines between stations in column 11. 


“Shear Diagram — 





. Obtain the deflection increment values in column 12 by 
multiplying the average slope value in column 11 and the 
Ax value from the next lower line in column 4. 


2000 
ie) 
—2000 
4000 
i?) 


~ 
J 
| 


Moment Diagram 





























2 
= 
: 


: 


. Entries for columns 13 and 14 vary depending on type of 


beam and loading. These are explained in the text. 
oe 


| 
a 





8 





























23. 12. 13. 14. 1. 
Average Deflection Integration Caleulated Station 
Slope Increment Constant Deflection Number 
Note 4 Note 5 v From 
(mu radian) (mu in.) (mu in.) (mu in.) Left 








8 


_ 


Slope e 
(mu radian) 





Slope Curve 


> 


Deflection Curve 








— 149.037 


























Deflection y 
(mu in.) 


—118.843 
115.136 129.528 —191.619 


—180.934 
203.190 228.589 —191.619 Note No. Symbol or Equation 





—143.964 Ax (in.) 
M = =V Az (Ib-in.) 


6= ) (—) A ( radian) 
avg «(mu 


Gang (mu radian) 


245.013 245.013 —170.328 
—170.328 


189.474 165.790 —149.037 





1021.966 
Ay = 9a.,4% (mu in.) 
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Example 


2—Steel Shaft With 


Overhanging Loads 





4. 
Distance 
Between 
Stations 


3. 
Shear at 
Preeeding 
Station 


Note 1 (in.) 


5. 
Bending 
Moment M 
Note 2 


6. 7. 
Moment EI 
of 
Inertia 106 


(Ib-in.?) ( 


T (in.*) 
(Ib-in. ) 


9. 10. 
Average 
Column 8 


lam) 


Slope 


Note 3 
(mu radian) 





1.125 


1.125 


1.000 


1.000 


0.875 


0.750 


0.750 


0 0 
—125.208 


— 60.363 
—140.847 


—140.847 
54.997 


17.400 
97.103 


97.103 
33.570 


57.284 
—39.107 


—39.107 
16.584 


30.718 
120.994 


120.994 
60.631 


125. 764 
0.556 


0 


—46.953 


— 147.558 


—185.117 


—120.709 


— 47.206 


—38.118 


— 49.380 


16.994 


85.103 


132.473 





Example 3—Steel 


Shaft Supported by Three Bearings in Alignment 





1.125 


1.125 


1.000 


1.000 


0.875 


0 
144.200 


45.623 
104.318 


104.318 
19.777 


33.748 
—94.508 
—94.508 
—70.681 


—130.921 
—92.288 


—92.288 
78.874 


24.955 
94.641 


94.641 
21.050 
35.920 
— 75.679 


—75.679 
—35.196 


—65.192 
0.402 


0 
72.100 


63.088 
74.970 


147.429 
62.048 


217.233 
—30.380 


186.853 
—82.595 


104. 258 
—111.604 


6.604 
—6.707 


0.736 

59.798 
68.008 

57.846 


133.086 
—19.880 


113.205 
—55.438 


57.767 
—32.395 


29.422 





Example 4—Steel Shaft Supported 


by Three 


Misaligned Bearings: 





0 
164.322 


51.989 
118.832 


118.832 
42.440 


72.420 
—43.452 


—43.452 
—7.242 


45.339 
—13.414 


45.339 
196.381 


62.132 
123.670 


123.670 
41.931 


71.551 
—52.432 


—52.432 
— 24.333 


—45.071 
0.402 


7.455 


0 
82.161 


71.891 
85.410 


167.977 
80.636 


258.693 
14.484 


273.177 
— 25.347 


15.962 
247.830 


261.796 
120.860 


367.549 
92.901 


472.062 
82.800 


565.212 
9.560 


574.772 
—38.382 


536.390 
— 22.334 


516.848 





MacuHine Desicn 








il. 
Average 
Slope 
Note 4 
(mu radian) 


12. 
Deflection 
Increment 

Note 5 
(mu in.) 


13. 
Integration 
Constant 


(mu in.) 


Deflection y (mu in.) 
ny 


° 
oO 


° 


nN 


8 














— 23.476 


— 97.256 


— 166.338 


—152.913 


—83.958 


—42.662 


—43.749 


—16.193 


51.048 


108.788 


(+ ]17.607 


(+ 197.256 


— 145.546 
—172.027 
— 94.453 
— 42.662 
—43.749 
—14.169 
—512.606 


38.286 


81.591 


[—]64.076 


[—]85.434 


74.755 


96.113 


96.113 


85.434 


85.434 


74.755 


64.076 


64.076 


— 34.647 


11.822 


0.000 


—70.791 


—146.705 


—145.045 


—102.273 


— 60.588 


0.000 


102.362 


248.029 















































31.544 


105. 258 


182.331 


202.043 


145.556 


55.431 


3.670 


34.372 


100.547 


123.146 


85.486 


43.594 


27.601 
118.415 
205.122 
202.043 
145.556 

48.502 
747.239 

3.211 

38.668 
113.115 
123.146 

85.486 


38.145 


401.771 


—108.972 


—140.108 


—140.108 


—124.540 


—124.540 


—108.972 


—58.592 


— 75.332 


—75.332 


— 66.962 


— 66.962 


—53.592 


Deflection y (mu in.) 


ia) 
2° 
°o 


5 


3 
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35.946 


119.934 


213.335 


265.935 


260.504 


254.813 


314.672 


419.806 


518.637 


569.992 


555.581 


526.619 


31.453 
134.926 
240.002 
265.935 
260.504 
222.961 

1155.781 
275.338 
472.282 
583.467 
569.992 


555.581 


460.792 
2917.452 


—168.551 


— 216.709 


— 216.709 


— 192.630 


—192.630 


— 168.551 


—133.795 


—172.023 


—172.023 


—152.909 


— 152.909 


—133.795 


0.000 


—137.098 


— 218.881 


— 195.588 


—122.283 


— 54.409 


0.000 


141.543 


441.802 


853.246 


1270.329 


1673.001 


2000.000 








~~ 
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Symbol or Equation 


M = =V Az (lb-in.) 


PF M : 
¢= ( —— ) xy Aa(mu radian) 
El 


Garg (mu radian) 


Ay = @qrg4x@ (mu in.) 
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result in which a line through the points of support 
is not horizontal. 


> Overhanging Loads 


Example 2 is typical of a shaft that is loaded 
by forces both outside and between the bearings. 
Reactions are readily found by moments, after which 
the columns of a calculation form can be filled in 
by repetition of the foregoing steps, 1 to 14 inclusive. 


Variations from Example 1: In summing the deflec- 
tion increments of column 12 only those from sta- 
tions 3 and 9 are included. Thus Sy = —512.606. 
The sign is changed so that the integration constant 

512.606/6 = 85.434 mu in. per in., where 6 is 
the distance between the reactions. This constant is 
multiplied by the Ax values in column 4 to obtain 
the integration constant for each interval. These 
products are listed on the same lines as the average 
slope and deflection increments. 

A change in signs of the deflection increments 
and integration constant values for the left-hand 
force is required because the direction of integration 
for the overhanging load is reversed when the inte- 
gration is performed to the left of the first reaction. 
Accordingly, the signs of both the deflection incre- 
ments and the integration constant values are 
changed for the intervals which constitute the left- 
hand overhang. These altered signs are shown in 
brackets in columns 12 and 13. 


Deflections For Example 2: In column 14, zeros 
are placed opposite the stations at which reactions 
occur. Next, the deflection increment and integration 
constant values, both upward and downward from 
the left-hand reaction point, are summed together. 
Finally the deflection values are put on the same 
lines as the station numbers. 


> Three Bearings—Aligned 


Representative of a continuous beam is a shaft 
supported by three bearings. Example 3 is illustrative 
of the calculation procedure when the three bearings 
are aligned. 

The three-moment equation is frequently utilized 
to obtain the reactions of continuous beams. How- 
ever, it yields correct results only if each span has 
a uniform moment of inertia. The elastic-weight 
principle is applicable for all cases of continuous 
beams but an alternative method can be used for 
beams with three supports. 

This principle consists of calculating a deflection 
curve as a simple beam with one support omitted 
and then calculating another deflection curve with 
an assumed force acting in place of the omitted sup- 
port. The force required to make the deflection at 
this support zero can be obtained by interpolation 
or extrapolation. 

In Example 3, if Riz; = 0, the deflection at station 
13 is 6543 mu in. If Rig is assumed to be —388 Ib, 
the deflection at the same point is 2000 mu in. and 
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by extrapolation it is found that Ris must equal 
—559 lb for zero deflection at that point. With one 
reaction known, the other reactions can be deter- 
mined by summing moments about the reaction 
points. Also, steps 1 through 14 apply for Example 
3 as for Example 1. 


Variations From Example 1: There are two spans 
to consider. Integration constant values for the first 
span are obtained by summing the deflection incre- 
ments from R; to R;, where Sy = 747.239. Again 
the sign of Sy is changed and the sum is divided by 
the length of the span to obtain the integration 
constant per in. of length. Thus, the integration 
constant is —747.239/6 = —124.540 mu in. per in. 
This constant is multiplied by the Ax values in the 
first span from column 4 to obtain the integration 
constant for each interval, column 13. 

This procedure is repeated for the second span. 
Here, Sy = 401.771 over the span R; to Ris and 
the integration constant becomes —401.771/6 = 
— 66.962 mu in. per in. 


Deflections For Example 3: In column 14, zeros 
are placed opposite the stations at which reactions 
occur. Then, a deflection curve is obtained by sum- 
ming together the deflection increment and integra- 
tion constant values from columns 12 and 13. 


> Three Bearings—Misaligned 


The shaft of Example 3 has a negative reaction 
Ry. If the shaft is fitted with bearings which have 
clearance, it must deflect to make contact at the 
right-hand bearing. This deflection resulting from 
misalignment alters the reactions. 

The reactions can be found in the same manner 
as for a beam with the supports in alignment. How- 
ever, the interpolation or extrapolation is performed 
to find the force required to produce the amount of 
misalignment at the support instead of for zero de- 
flection. 

For Example 4, suppose the reactions are found for 
the misalignment caused by bearing clearances of 
0.002 in. Steps 1 to 14 are carried out just as for the 
simple beam. 


Variations From Example 1: For the first span 
from R, to R;, Sy = 1155.781 so that the integra- 
tion constant is —1155.781/6 = —192.630 mu in. 
per in. 

In the second span where the misalignment occurs, 
the upward deflection is subtracted from Sy before 
the integration constant is calculated. If a deflec- 
tion at the support is downward, the amount of mis- 
alignment is added to Sy. Hence, Sy = 217.452 
so that the integration constant is (—2917.452 + 
2000.000)/6 = —152.909 mu in. per in. 


Deflections For Example 4: In column 14, zeros 
are placed opposite the reaction points where the 
supports are aligned and the amount of the misalign- 
ment is placed opposite the station where the de- 
flection is permitted. Deflection increments and in- 
tegration constant values from columns 12 and 13 
are summed to obtain the deflection curve. 
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TEAR OUT AND PUNCH AS INDICATED FOR YOUR FILE 
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TEAR OUT AND PUNCH AS INDICATED FOR YOUR FILE 
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BEARING 


One in a series of technical reports by Bower 


BRIEFINGS 





BEARING GEOMETRY 
MAKES OR BREAKS BEARING PERFORMANCE 


To develop high capacity and optimum 
performance in a tapered roller bearing, 
it is essential that roller alignment be 
accurate, Correct roller alignment, in 
turn, depends on a critical geometric 
relationship between the cone back-face 
rib, and the cone raceway. 


Perfection in this geometric relationship 
compels the rollers to align themselves 
perfectly with respect to the bearing 
geometry, and each roller shares equally 
in the work that is imposed. Figure 1 
diagrams the important elements in- 
volved. 


When this rib-to-raceway relationship 
is incorrect (because of either faulty 
bearing design or manufacturing inac- 
curacies), rollers experience misalign- 
ment and begin to skid and skew under 





CONE 
BACK-FACE 

















load. As engineers know, poor perform- 
ance and premature bearing failure are 
inevitable under these conditions. 


In the design and manufacture of Bower 
tapered roller bearings, Bower engineers 
take great care to generate and hold an 
exact face angle on the cone back-face 
rib. In practice, this means that Bower 
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bearings are designed for maximum life 
and optimum performance under any 
operating conditions. It means that 
Bower bearings retain accurate roller 
alignment under all speeds and loads up 
to the maximum for which the bearing 
is rated. 


It’s one thing to develop proper bearing 
design on paper, but quite another to 
carry it out consistently in manufacture. 
To this end, Bower engineers were instru- 
mental in the design and development 
of a unique centerless grinder on which 
Bower precision grinds each bearing’s 
cone raceway and rib-face simultan- 
eously. The results obtained from these 
machines invariably meet or surpass 


Bower’s exacting requirements and as- 
sure perfect roller alignment. 


Figures 2 and 3 are front and top views 
which illustrate Bower’s technique of 
centerless grinding rib-faces and cone 
raceways together. As a result, every 
component in a Bower bearing is per- 
fectly concentric about its rolling axis. 





THESE SURFACES 
i GROUND 
SIMULTANEOUSLY 


FIG. 3 








THIS ANGLE MUST BE 
HELD EXACTLY FOR OPTIMUM 
PERFORMANCE 
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When you require bearings, we suggest 
you consider the advantages of Bower 
bearings. Where product design calls for 
tapered or cylindrical roller bearings or 
journal roller assemblies, Bower can 
provide them ina full range of types and 
sizes. Bower engineers are always avail- 
able, should you desire assistance or 
advice on bearing applications. 





BOWER ROLLER BEARINGS 


BOWER ROLLER BEARING DIVISION — FEDERAL-MOGUL-BOWER BEARINGS, INC., DETROIT 14, MICHIGAN 
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Properties and applications of 


Fig. 1—High compression strength of glass enables 
a window to be hot-molded into a sight-glass fit- 
ting. On cooling to room temperature, the brass 
fitting contracts around the window, reinforcing it 


and strengthening it as well as making a seal. 
This unit can be used up to 1000 psi. 


Glasses and Ceramics 


J. R. BLIZARD 


Manager, Technical Products Div., Corning Glass Works, Corning, N. Y. 


M ECHANICAL characteristics of 

ceramics differ widely from 
those of metals. Brittleness, of 
course, is the most important dis- 
tinction between the ceramics and 
metals. A ceramic material does not 
plastically flow or creep before 
failure. It breaks in pure tension, 
never in shear, and rarely in com- 
pression. 


Design Guides 


In the design of load-bearing 
ceramic parts, bear these points in 
mind: 

@ Apply the load in compression if 

possible. 

®@ Use simple shapes. Avoid sharp cor- 

ners, sudden changes of section, holes 
in tension zones. 


@ Keep ground or abraded surfaces out 
of tension unless they are given a 
fine smooth finish. 

© Provide resilient pads at load-bearing 
contact zones with metal parts. 

e@ Avoid point loading and stress con- 
centrations. 


Thermal expansion coefficients of 
ceramics are generally much lower 
than for metals. It is thus important 


Table 1—Typical Properties of Bonded Ceramics 





Alumina ———~——~ Beryllia 
96% 99% 96% 


Steatite 


—— Silicon Carbide —— 
Silicious Silicon- 
Nitride Bond 


Forsterite 





Tensile strength, in flexure (psi) 
Modulus of elasticity (10¢ psi) 


Hardness: 
moh scale 


Knoop 
Max working temp (F) 


Thermal expansion coefficient, at 
72 to 750 F (10-7 in./in./deg F) 


Thermal conductivity, at 72 F 
(Btu/hr/sq ft/deg F/ft) 


Specific gravity 
Water absorption (per cent) 


48,000 60,000 32,000 
42 50 46 


9 9 9 
1880 cece eee 
3100 3140 2200 

40 40 51 


12 17 
3.72 3.90 2.90 


20,000 


0 to 0.02 


20,000 2000* 5600* 
14 14 17 17 


7.5 7.5 9.6 9.6 
1800 1800 2750 3000 
46 55 24.5 


1.4 1.9 b 8.8 
2.6 2.8 . 2.87 
0 to 0.02 8 





*at 2500 F. 
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Circle 14-9 on Page 19 for extra copy. 
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Fig. 2—A base of borosilicate glass and a semiconductor of tin oxide com- 
prise small electric heaters for localized heating or defrosting. The smallest 


shown is the size of a postage stamp. 


to allow for mismatches in ceramic- 
metal assemblies for hot service. 
Where clearances are tight, the 
metal part can be made thin enough 
so it deforms instead of overstressing 
the ceramic. If the metal piece 


clamps and compresses the ceramic, 
the dangers of overstressing are also 


greatly reduced. 

Thermal endurance of a ceramic 
part is potentially much higher than 
for metals. Failure is unlikely, with- 
in the recommended operating lim- 
its, unless the part is subjected to 
excessive thermal stresses. These 
may be steady state or transient 
stresses. 


All thermal stresses can be mini- 
mized in the following ways: 

@ Choose a ceramic with low thermal 
expansion. 

@ Use thin sections. 

@ Reduce mechanical constraint to a 
minimum. Let the part “float” if 
possible. 


@ Avoid localized hot or cold areas in 
the part. Expose the entire ceramic 
area to heat rather than shrouding 
the edges. 


Certain ceramics have such low 
expansion coefficients that they are 
practically immune to thermal shock 
failure. 


Bonded Ceramics 


There are certain ceramics whose 
properties and availability make 
them of special interest to the prod- 
uct designer. Their mechanical 
properties appear in Table 1. 


High-alumina ceramics can be 
compared to the high-alloy steels in 
the metal family. Their mechanical 
properties are among the best in 
the ceramic group. Although they 
are relatively expensive, they are 
generally used for exceptional 
strength, abrasion resistance, heat 
resistance, or chemical purity. 


Beryllia, BeO, is one of the new- 
est ceramic materials. Its cost is 
much higher than the other ceram- 
ics. Besides being hard, dense, and 
thermally resistant like alumina, 
beryllia has surprisingly high ther- 
mal conductivity. At room tempera- 
ture it is higher than aluminum 
and about 10 times higher than 
alumina, The advantage is lessened 
at elevated temperatures but even 
at 1000 F beryllia exceeds alumina 
by a factor of 6. 


Applications for beryllia are pres- 
ently limited to a diameter of about 
4 in. and a height of 8 to 10 in. 
Extruded sections can be made in 
diameters up to | in. and lengths 
up to 24 in. 


Steatites, based on the composi- 
tion MgSiO;, are the most com- 
monly used ceramics for low-cost 
molded parts such as small appli- 
ance insulators, heater wire sup- 
ports, and tube sockets. They can 
easily be machined in the unfired 
state. Tapped holes and threaded 
exteriors are feasible. 

Alumina, beryllia and steatite can 
all be metallized with a tightly ad- 
hering film to which metal parts 
can be soft or hard soldered. Bond 
strengths of 3500 psi are easily at- 
tained. With special procedures, it 
is possible to make bonds to alu- 
mina and beryllia that will with- 
stand loads of 12,000 psi. These lat- 
ter coatings can be brazed at 1000 C. 


Silicon carbide, long known as 
an abrasive grain and refractory, is 
now molded into complex mechani- 
cal parts and bonded either with 
a silicious material or with sili- 
con nitride. It is not usually made 
into parts less than %% in. or over 
30 in. in size. Wall thicknesses 
should be at least 3/16 in. and 
preferably 1/, in. 


Table 2—Typical Properties of Glasses and Glass-Ceramics 





Glasses 








Property 


Lime 


Lead Borosilicate 


96 Per Cent 


Fuzed 
Silica 





Tensile strength, in flexure (psi) 7000 
Modulus of elasticity (10¢ psi) 10.0 
Hardness—Knoop 470 
Max working temp (F) 500 


Thermal expansion coefficient 
(10-7 in./in./deg F) 48 


Thermal conductivity, at 72 F 

(Btu/hr/sq ft/deg F/ft) 0.6 
Specific gravity 2.48 
Water absorption 0 
Transparency or color Clear 


7000 8000 8000 
8.2 9.5 9.6 
400 470 500 
500 700 1800 


18 4 


0.6 0.8 
2.23 2.18 
0 0 
Clear Clear 


8000 
10.4 

550 
1800 


3 
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ONLY LING’S NEW X-ARMATURE SHAKER TAKES 
75 pound packages to 100“g”...208 pounds to 60 “g” 


Ling brings you another important development in vibration testing—the revolutionary L-200 Shaker with the capa- 
bility needed to test heavier packages at higher “‘g’”’ levels than ever before. The L-200, with a force rating of 20,000 
pounds, is designed on a new Ling concept. The unique “‘X”’ design armature develops uniform force on two rows of 
mounting studs which are set in an “‘X” pattern on the big table. An exceptionally low stray field—less than 3 gauss 
at table level—protects sensitive guidance packages. The armature weight is only 125 pounds. This, plus efficient cou- 
pling, lets you take a 75-pound package up to 100 “g’”’ or a 208-pound package to 60 ‘‘g’””—a performance no other 
shaker can match. The L-200’s interior is completely sealed off to screen out all chips, dust or contaminants, 
and is designed to allow environmental test adaptability. For more details on the advantages of the L-200, write to 
Department MD-761 at the address below. 


LING-TEMCO ELECTRONICS, INC. 


LING ELECTRONICS DIVISION 


1515 SOUTH MANCHESTER, ANAHEIM, CALIFORNIA * PRospect 4-2900 
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on engineers think big—and 
far ahead—to anticipate your needs in 
vibration testing equipment. The L-200 
Shaker shown at the left is another 
example of sound Ling engineering at 
work—for this big shaker has every pos- 
sible advance built in to improve testing 
accuracy and convenience. The L-200 
takes you into the realm of high “g’”’ 
testing with heavier-than-ever hassel 


Ling’s newly designed hydrostatic bear- 
ings dampen cross axial movement of 
the shaker armature. 


Gauss level during operation is excep- 
tionally low, less than 3 gauss at table 
top. The control of the shaker angle is 
simple since rotation is hydraulically 
actuated! A visual 200° protractor has 
been built into each trunnion by Ling. 


Check the capabilities of Ling’s new 
L-200, 20,000-pound shaker: 


MAXIMUM LOAD 
1875 lbs. 
. 875 lbs. 
. 208 lbs. 


VECTOR 
10 “g”’ 


100 “‘g”’ 


Whatever your needs in high power elec- 
tronics—vibration testing, acoustics or 
sonar— you'll find you can rely on Ling 
for the soundest design, the most ad- 
vanced engineering. 


i 


LING-TEMCO ELECTRONICS, ING. 


LING ELECTRONICS DIVISION 


HIGH POWER ELECTRONICS FOR 
VIBRATION TESTING» ACOUSTICS+ SONAR 
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Titanium di-boride, a new mate- 
rial, is not yet in general commer- 
cial use. Extremely temperature re- 
sistant, it can support a 35,000-psi 
tensile stress at 3600 F. Its elastic 
modulus is twice that of steel and 
its hardness is considerably greater 
than alumina. It is an excellent 
electrical conductor and has ther- 
mal conductivity about equal to alu- 
mina. Like silicon carbide, it is in- 
ert to molten aluminum and zinc. 

Titanium di-boride is molded 
from powder and can be machined 
before final processing. The largest 
pieces made to date are cylinders 
6 in. diam and 20 in. long, weigh- 
ing 100 lb each, and cylinders 14 
in. diam and 10 in. long weighing 
260 Ib each. 


Glass and Glass-Ceramics 


Glasses and glass-ceramics are 
very different in structure but keep 
the essential mechanical character- 
istics of bonded ceramics. Typical 
properties are listed in Table 2. 

Borosilicate glass is distinguished 
by its low thermal-expansion coeffi- 
cient—about 14, to 1/5 that of most 
metals and 1/3 that of the lime 
and lead glasses—and by its hard 
surface and excellent chemical dur- 
ability. 

The 96 per cent silica glasses, 
known by the trade name “Vycor,” 
are colorless and quite similar to 
fused silica. Thermal-expansion co- 
efficient of Vycor glass is so low 
that it is virtually immune to ther- 
mal-shock damage. Heat resistance 
is much higher than for any other 
glasses. They can be used continu- 
ously at temperatures of 1600 F— 
under some conditions, as high as 
2000 F. These glasses have excep- 
tionally good ultraviolet and infra- 
red transmission. 

There are few limitations on 
shapes and sizes. Thickness is usu- 
ally limited to 3% in. but it is pos- 
sible to produce l-in. slabs. Cost 
is much higher than that of the 
borosilicate glasses. 


Applications 


It has been noted that all the 
ceramics have high compressive 
strength. This property is used in 
a glass capsule that carries an ex- 
plosive perforating charge into an 
oil well. It must resist crushing 
loads of over 10,000 psi before it is 
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destroyed. Glass capsules of this 
type can actually resist external 
pressures over 30,000 psi without 
even leaking at the cemented joint. 
When destroyed, the glass pulver- 
izes into particles so fine that they 
are carried out in the oil stream 
without plugging orifices or valves. 

High compressive strength is also 
used in a sight-glass fitting, Fig. 1. 

Electric heating elements can be 
made by coating a borosilicate glass 
with a hard semiconductor film con- 
sisting essentially of tin oxide, Fig. 
2. Resistances can be varied from 
6 to 100 ohms per sq in. and the 
surface can be operated continu- 
ously at 650 F. Maximum energy 
dissipation is 15 watts per sq in. in 
still air. 

The 96 per cent silica glasses as 
well as fused silica are used to make 
tubular electric heaters, thermo- 
couple protecting tubes, ultraviolet 
lamps, and welding-torch tips. 

Tubes, cylinders, rods, laboratory 
flasks and ingots up to about 20 
in. diam are made by fusing pure 
quartz crystals or silica sand. An- 
other process, based on the syn- 
thesis of SiO. is used to produce 
slabs and ingots of pure clear silica 
in sizes ranging upward to 12-in. 
thick and 60 in. diam. Ultra-low- 
expansion coefficient of this ma- 
terial makes it possible to obtain 
amazingly accurate surfaces, 

The glass-ceramics, tradenamed 
Pyroceram, are stronger than the 
glasses, better heat conductors and 
higher in hardness and elastic mod- 
ulus. At present the Pyroceram ma- 
terials are available in pressed, 
blown, and spun shapes. 

ASME Paper No. 61-MD-6, “What 
Do Glasses and Ceramics Offer the De- 
sign Engineer?,” presented at the De- 


sign Engineering Conference, Detroit, 
May, 1961, 8 pp. 
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Cost of Support Functions 
In R & D Laboratories 
5. aren. aan Electric Co., 

Shsmaaale st 
Data on the cost of the commonly 
recognized supporting functions of 
research and development labora- 
tories and presentation of these data 
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High-torque, fast-reversing 


Barber-Colman quality motors 


for low-cost servo systems 


utilizing either transistor 


or vacuum tube control 


BARBER 
COLMAN 


FAST-REVERSING 
LOW-INERTIA ROTORS 


HIGH STARTING TORQUE 
ELECTRODYNAMIC BRAKING 


ADAPTABLE TO SPLIT-PHASE 
CAPACITOR OPERATION 


AVAILABLE WITH 2-PHASE OR 
ELECTRONIC CONTROL WINDINGS 


, AVAILABLE WITH OPEN OR 
’ CLOSED GEAR REDUCTIONS 


a-C small motors 


Barber-Colman shaded pole reversible 
motors are adaptable to a variety of elec- 
tronic control circuits to meet the many 
different requirements of applications de- 
manding a compact, powerful, fast-re- 
versing motor. In many servo systems 
they satisfactorily rep!ace motors costing 
twice as much. Ratings are from .00015 
to .04 hp. For further information write 
for literature on use of these motors in 
servo systems with transistor or vacuum 
tube amplifiers. 


THE WIDE LINE OF BARBER-COLMAN A-C MOTORS 
includes unidirectional, synchronous, and 
reversible types . . . with or without re- 
duction gearing . . . open or enclosed. 
Stator and rotor sets also available. 
Write for quick reference file. 


BARBER-COLMAN COMPANY 


Dept. S, 


1273 Rock Street, Rockford, Illinois 
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in a form that would be useful to 
managers as a framework within 
which they could compare their own 
costs, 

Data are given for the mean cost 
of each of fifteen supporting func- 
tions for ten research and develop- 
ment laboratories. Data are also 
given for the mean number of em- 
ployees engaged in the work of each 
of the fifteen functions for the ten 
laboratories. The degree to which 
these mean costs and mean number 
of employees are useful as a refer- 
ence framework is discussed. 


AIEE Conference Paper No. CP 61-800, 
“Costs of Supporting Functions of Re- 
search and Development Laboratories,” 
presented at the AIEE Summer General 
Meeting, Ithaca, N. Y., June, 1961, 13 pp. 


Cost of Small Tolerances 
And Smooth Finishes 


William L. Gilbert, manager, Machin- 
ing Development Service, eral Elec- 
tric Co., Schenectady, N. Y. 
Design-versus-cost data to guide the 
designer and manufacturer in the 
choice of the most economical 
method for producing holes. The 
data are the relative costs of mate- 
rials, processes, surface finishes, tol- 
erances, and cutting conditions. 
ASME Paper No. 61-MD-12, “Cost and 
Value of Small Tolerances and Smooth 


Finishes,” presented at the Design Engi- 
neering Conference, Detroit, May, 1961, 7 


PP. 


Design for Powder Metallurgy 


Paul J. Failla, general superintendent, 
Machine Shops, Johnson Bronze Co., 
New Castle, Pa. 


Design consideration and techniques 
for powder-metallurgy fabrication. 
Advantages of powder metallurgy in- 
clude: 


@ Special mechanical properties such as 
controlled porosity, mass, weight, 
density, finish and accuracy of geo- 
metric shapes, noise damping, per- 
formance to wear and life, and space 
reductions. 


Special alloys obtainable only by 
powder metallurgy such as carbides, 


Unusual complex precision geometric 
shapes that would be almost impos- 
sible or impractical to obtain by other 
methods. 


MacuHIneE Desicn 





DESIGN ABSTRACTS 





® Cost reduction through simplification 
of inspection, scrap, machining, and 
assembly problems. 
ASME Paper No. 61-MD-16, “Designing 
with Powder Metallurgy to Improve Qual- 
ity and Reduce Costs,” presented at the 


Design Engineering Conference, Detroit, 
May, 1961, 8 pp. 


Selection of Machine Drives 


George W. Younkin, chief development 

engineer, Giddings and Lewis Machine 

Tool Co., Fond du Lac, Wis. 
Economic and technical considera- 
tions in the application of electrical, 
mechanical and hydraulic machine 
drives. 


Application of a machine as to its 
use will determine to some extent 
which drive should be used. Four 
possible areas of machine applica- 
tion are: As a general use machine, 
a process-type regulated drive, a 
numerically controlled contouring 
drive, and a numerically controlled 
point-to-point machine drive. 

ASME Paper No. 61-MD-4, “Which 
Drive—Electrical, Mechanical, or Hydrau- 


lic?”, presented at the Design Engineering 
Conference, Detroit, May, 1961, 12 pp. 


Which Fastener? 


John W. Stouthenburg, vice president, 
Robin Products Co., Warren, Mich., 
and Kenneth D. Ringland, chief engi- 
neer, New England Div., Central Screw 
Co., Keene, N. H. 
An evaluation of the engineering and 
production problems pertaining to 
the application, function, design and 
cost analysis of the fastener, both 
standard and custom engineered 


types. 


ASME Paper No. 61-MD-15, “Which 
Fastener Should We Choose,” presented at 
the Design Engineering Conference, De- 
troit, May, 1961, 8 pp. 


bearings 


Nonrotating Journal Bearings 

Under Sinusoidal Loads 

R. M. Phelan, associate professor of 

mechanical engineering, Sibley School 

of Mechanical Engineering, Cornell 

University, Ithaca, N. Y. 
Performance characteristics of a 
journal bearing in which the squeeze 
film is developed by a varying load 
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Type HYLM (1" diameter) 
Barber-Colman quality 


permanent magnet motor 


for precision applications .. . 


meets military specifications 


typical applications 
PROGRAM SWITCHES 

TUNING MECHANISMS 
ELECTROMECHANICAL ACTUATORS 
COOLING FANS AND BLOWERS 
TIMING MECHANISMS 

SWITCHING DEVICES 


d-c small motors 


Type HYLM 1” diameter precision- 
made Barber-Colman motor is available 
in three lengths and can be supplied 
for use on any voltage from 6 to 115 
volts d-c. Square brushes, retained by 
a constant-pressure spring, ensure long 
brush life. Dynamic braking can be 
employed if desired. This motor is 
equipped with R2 ball bearings, has an 
explosion-proof housing, and meets en- 
vironmental requirements of MIL-M- 
8609 (ASG). A quality motor through- 
out .. . lightweight, compact, efficient. 
Ask for Bulletin F-10421. 


WRITE FOR NEW QUICK REFERENCE FILE 
on the complete line of Barber-Colman electrical 
components, a-c and d-c small motors, tach gen- 
erators, blowers, gearheads, relays. 


BARBER-COLMAN COMPANY 


Dept. S, 1873 Rock St., Rockford, Illinois 
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REGULATORS 


( onstant ) 
Speed 


Operation 


regardless of load! 


At a cost comparable to an ordinary restrictor 

or needle valve, you can have pressure- 

compensated flow control in your hydraulic 

circuits. 

Rated for pressures to 3000 p.s.i. 

Wide range of sizes available—” to 1” 
N.P.T.F. and 4” to 1” S.A.E. tube. 

Flows to 100 g.p.m. can be controlled. 


Factory-calibrated and tested to +10% tol- 
erance. Closer tolerance available. 


Require littie more space than pipe or tube 
in which installed. 


Trouble-free in operation—tens of thousands 


> 
© 


TR 


orifice and reacts to control flow with 
desired limits. 


Send today for 
new Catalog 1002. 


oe 


725 Custer Ave., Evanston, Ill. 
Circle 285 on Page 19 
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with zero angular motion of the 
load, the journal, and the bearing: 


e Except for very lightly loaded 

bearings, the load is supported 
almost entirely by positive pres- 
sures developed in the half of 
the bearing in which the film 
thickness is decreasing. 
The most critical factor in de- 
termining the behavior is the 
filling up of the space on the 
unloaded side of the bearing. 
Stefan’s solution for approach- 
ing flat plates cannot be ap- 
plied directly to predicting the 
behavior of an actual bearing. 
A piston with rounded ends in 
a cylinder is a more appropriate 
model than approaching flat 
plates. 


The modification of Stefan’s 
equation by an area factor k 
results in an analytical expres- 
sion that provides considerable 
insight into basic behavior char- 
acteristics, permits a reasonable 
prediction of behavior for sinu- 
soidal loads, and offers a meth- 
od for estimating the behavior 
under any type of varying load. 
In comparison with wedge film, 
squeeze film is relatively in- 
effective in supporting a load 
in the critical region of thin 
films. 
ASME Paper No, 61-LUBS-6, “Non- 
pee Journal Bearings under Sinusoidal 


” presented at the Lubrication 
Symposium, Miami, Fla., May, 1961, 16 pp. 
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Recent Developments 

In Design and Fabrication 

With High-Strength Steels 

R. H. Marvin, chief engineer, Space 

Atomics Section, The Budd Co., Phila- 

delphia, Pa. 
Design and fabrication of several 
different types of structures which 
utilize high-strength steel in sheet 
form. Discussion is limited to cold- 
reduced materials and precipitation- 
hardenable materials which lend 
themselves to the type of fabrication 
in which resistance and fusion weld- 
ing are used extensively, 

ASME Paper No. 61-MD-8, “Impact of 


Recent Developments in High-Strength 
Steels on Structural Design and Fabrica- 








Straits 
Tin 
Report 


Chemical tinning ¢1- 
hances the solderability of the 


conductive paths of printed cir- 
cuits. Pure tin is deposited only 
on metal surfaces, including ex- 
posed edges; dielectric properties 
are unchanged. 


The new process, using “CUPOSIT 
LT-26,” made by Shipley Co., 
Inc., Wellesley, Mass., is not a 
substitute for electrodeposited 
tin, but it affords protection to 
the printed circuit board, thereby 
increasing storage life. “CUPOSIT 
LT-26” operates at temperatures 
lower than hot tin dipping, re- 
quires no electricity, contains no 
cyanide. 


Bright side of printed circuit shows 
results of immersion in new chemical 
tinning process. 


Tin Developments 

e Stronger titanium results from 
addition of 15% tin. Ultimate 
tensile strength increases 90% 
at room temperature. 


¢ High-temperature brazing filler 
metal alloys of tin, nickel, 
chromium, silicon keep joints 
strong after long exposure at 
high temperatures. 


¢ Low-melting quaternary al- 
loys of tin, indium, lead, silver 
are used for cryogenic circuits. 


Free Bulletin 


Write today for a 
free subscription 
to TIN NEWS—a 
monthly bulletin 
on tin supply, 
prices and new 
uses. 


The MalayanTin Bureau 
Dept. T-29G, 2000 K Street, N.W., Washington 6, D.C. 
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tion,” presented at the Design Engineering 
Conference, Detroit, May, 1961, 12 pp. 


New High-Strength Steels 


R, A. Lula, chief research metallurgist, 
Stainless Steel, Allegheny Ludlum Steel 
Corp., Brackenridge, Pa. 
Mechanical properties and fabri- 
cating characteristic of newly de- 
veloped precipitation-hardening 
stainless steels, cold-rolled metasable 
austenitic stainless steels and low- 
alloy hardenable stainless steels. 
ASME Paper No. 61-MD-7, “Recent De- 
velopments in High Strength Steels,” pre- 


sented at the Design Engineering Confer- 
ence, Detroit, May 1961, 8 pp. 


Strain Strengthening 

Of Stainless Steel 

W. Hammer Jr., Space Atomics Dept., 

Budd Co. Philadelphia; L. Stemann, 

Missiles and Space Vehicles Dept., 

General Electric Co., Philadelphia; and 

E. E. Weismantel, Technical Div., 

Beryllium Corp., Reading, Pa. 
Development of high-strength aus- 
tenitic cold-worked bars with uni- 
form properties. Tensile cold-strain- 
ing procedures were used to obtain 
this strength improvement. This 
process can achieve 100,000-psi ten- 
sile yield strength which could be 
raised with additional developmental 
effort. Compressive yield strength 
is estimated to be 70 per cent of the 
cold-strained tensile yield strength. 
Machining, forming, and welding ex- 
periments indicate that it is no more 
difficult to fabricate cold-strained 
austenitic bar materials than other 
austenitic materials now in use. 


ASTM Preprint No. 83, “Strain Strength- 
ening of Type 304 Stainless Steel,” to be 
presented at the Sixty-fourth Annual Meet- 
ing of the American Society for Testing 
Materials, Atlantic City, N. ]., June 25-30, 
1961, 9 pp. Preprint price, 30 cents. 
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TO OBTAIN COPIES of papers or arti- 
cles abstracted here, write directly to: 


AIEE—American Institute of Electrical En- 
gineers, 33 West 39th St., New York 18, 
N. Y., papers 50 cents to members, one 
dollar to nonmembers. 


ASME—American Society of Mechanical 
Engineers, 29 West 39th St., New York 
18, N. Y., papers 50 cents to members, 
one dollar to nonmembers. 


ASTM—American Society for Testing Ma- 
terials, 1916 Race St., Philadelphia 3, Pa. 
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MOTOR 
RY 


LIxON MOTOR CONTROLS COVER 


ENTIRE SPECTRUM OF PROTECTION 


This snap-acting on-winding protector (9850 type) is typical of the built-in 
protection KLIXON motor controls offer to prevent overheating and burnout 
for all types of AC motors. This precision-calibrated, miniature protector is 
attached directly to motor winding, and can be dipped and baked as part 
of it. Responsive to both current and temperature, it provides positive make 
and break action, vibration resistance, and the dependability of all KLIXON 
protectors. 

Ranging from the simplest circuit breaker to complete motor protection .. . 
from the end-bell mounted, 3-phase protector (see photo below) to the 
on-winding 9850 type protector above, the KLIXON motor protector spec- 
trum is the most comprehensive available to electric motor manufacturers 
and their customers. The spectrum brings KLIXON’s wealth of application 
knowledge and manufacturing experience to the manufacturer . . . lets specific 
service conditions determine protection needs. 


How KLIXON Motor Protector Spectrum Works: 
As level of protection increases... 


@ Motor adaptability to a variety of applications increases. 


@ The protected motor is affected less by high or low ambient, or other external 
conditions. 


@ Reliability and accuracy increase. 
@ Overall application testing costs decrease. 


e You get greater protection against motor failures due to 
failure of allied components. 


Find out how the KLIXON SpectRUM OF MoToR 
PROTECTION can save you money. Request complete 
Motor Controls catalog and location of nearest 
KLIXON field engineer by writing: 


METALS & CONTROLS INC. 
3207FOREST STREET * ATTLEBORO, MASS. 
A CORPORA T E o'r tm. @ eS Oo F 


TEXAS INSTRUMENTS 


INCORPORATED 


Circle 287 on Page 19 
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Neoprene Adhesive 


Latest technical data on SP-134 light- 
colored, heat-reactive phenolic resin for 
industrial and general-purpose elastomer 
adhesives are given in “Schenectady Pre- 
sents SP-134.” Included are pictures and 
graphs depicting tensile shear, peel back, 
and prereacting resin test data. 4 pages. 
Schenectady Varnish Co. Inc., Schenec- 
tady 1, N. Y. 

Circle 501 on Page 19 


Medium-Duty Casters 


Two casters, one swivel and one rigid, 
for industrial and institutional equip- 
ment, have carrying capacities to 2500 
Ib per unit. Available with a variety of 
wheel types from 3 through 8 in. diam, 
units are described in new bulletin with 
cutaway and line drawings and _ tables 
of specifications. 4 pages. Payson-Harris 
& Reed Inc., 2916 W. Jackson Blvd., 
Chicago 12, Ill. 

: Circle 502 on Page 19 


Industrial Felts 


Ready reference index which alpha- 
betically lists hundreds of applications of 
industrial felts, along with the proper 
type to use, is a feature of “Comparative 
Properties of Industrial Felts.” Data in- 
clude general, physical, mechanical, and 
chemical properties, and fabricating meth- 
ods. 16 pages. Continental Felt Co., 22 
W. 15th St., New York 11, N. Y. 

Circle 503 on Page 19 


Pressure, Vacuum Gage 


Ease of calibration and adjustment of 
pressure, vacuum, and compound _indi- 
cating gages is pointed out in Bulletin 
DH-54. In addition to illustrating and 
describing construction features and op- 
eration of movement which incorporates 
a helical roller, catalog describes the vari- 
ous types of cases, dials, and movements. 
32 pages. Helicoid Gage Div., American 
Chain & Cable Co. Inc., 929 Connecti- 
cut Ave., Bridgeport 2, Conn. 

Circle 504 on Page 19 
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Low-Voltage Switchgear 


Design features of 600-v switchgear with 
K-Line circuit breakers are described in 
Bulletin 3200-1A. It provides compre- 
hensive information on low-voltage power 
circuit breakers and switchboards, with 
unit ratings from 225 to 4000 amp. Ad- 
vantages of the stored-energy K-Line 
breakers are detailed, and additional fea- 
tures of the switchgear are also covered. 
Application tables and complete selection 


174 


data are given. Separate section explains 
short-circuit currents in low-voltage sys- 
tems, using graphs, charts, and tables. 
20 pages. I-T-E Circuit Breaker Co., 
1900 Hamilton St., Philadelphia 30, Pa. 
Circle 505 on Page 19 


Process Pumps 


New line of process pumps, available 
in 72 basic combinations, allows a choice 
of features for the service required. Bul- 
letin 1-210 provides cutaway drawings of 
the various types, and shows how they 
can be combined to meet requirements. 
8 pages. Byron Jackson Pumps Inc., 
P. O. Box 2017-A, Terminal Annex, Los 
Angeles 54, Calif. 

Circle 506 on Page 19 


Digital Totalizers 


Compact design, modular, printed-cir- 
cuit, plug-in subassemblies, and operation 
at temperatures to 160 F are features 
of Models 521 and 522 transistorized 
digital totalizers. Specification table for 
each model, dimension chart, and milli- 
volt vs frequency-characteristic curves are 
included in Bulletin D-212-A. Transducers 
that can be used with the units are 
shown in a pictorial chart. 4 pages. 
Potter Aeronautical Corp., U. S. Route 
22, Union, N. J. 

Circle 507 on Page 19 


Industrial Switches 


Section of Catalog 201 is devoted to 
factors in applying limit switches, with 
emphasis on how to design actuating sys- 
tems. Comparative statistics table of 
major switches is also included. Com- 
plete technical data on Loxswitch indus- 
trial limit switches are giver, including 
list of forty-five contact arrangements 
and over 150 lever styles. 12 pages. 
R. B. Denison Mfg. Co., 386 Broadway, 
Bedford, Ohio. 

Circle 508 on Page 19 


Shaft Key 


Double-Taper Lock Key eliminates back- 
lash, is self aligning, and easy to install. 
It is described in a new bulletin which in- 
cludes dimensional data and shows how 
the unit operates. 4 pages. Sure-Lok Co., 
7701 Melita Ave., North Hollywood, Calif. 

Circle 509 on Page 19 


Hot-Dip Galvanized Products 


Product design and assembly in relation 
to hot-dip galvanizing, and general factors 
in design and fabrication are two topics 
of many covered in booklet titled “In- 


spection Manual for Hot-Dip Galvanized 
Products.” Other subjects include proper- 
ties and corrosion resistance of galvanized 
steel, warpage and distortion, and ASTM 
specifications. 32 pages. American Hot 
Dip Galvanizers Association Inc., 5225 
Manning Place, N. W., Washington 16, 
1924S. 

Circle 510 on Page 19 


Semiconductor Reliability 


Acceptance number for any given sam- 
pling plan can be computed quickly with 
a new reliability nomograph. Success 
rate can be predicted from life test data 
at a 90 per cent confidence level, and 
sampling plan can be computed for con- 
ventiénal risks. Printed on sturdy card 
stock, nomograph contains scales and 
tables with complete instructions on how 
they work, and a glossary of terms. 
Semiconductor Div., Raytheon Co., 215 
First Ave., Needham, Mass. 

Circle 511 on Page 19 


Gate, Globe, Check Valves 


Illustrations with condensed descrip- 
tions and specifications on bronze, iron 
body, and cast-steel gate, globe, angle, 
and check valves, and on barstock valves 
and forged-steel gate valves, are con- 
tained in revised Catalog 10-B. All di- 
mensional data for each unit are included. 
16 pages. R-P&C Valve Div., American 
Chain & Cable Co. Inc., Reading, Pa. 

Circle 512 on Page 19 


Stainless Machining Chart 


Table of recommended machining rates 
for 37 different types of stainless steel, 
including the  precipitation-hardening 
grades, is included in Stainless Machining 
Chart Sec. A, No. 5. Ten separate ma- 
chining operations are covered and easy- 
to-read conversion table is included. 
Printed on durable card stock, chart is 
84 x ll in. three-hole punched and 
tabbed. 2 pages. Peter A. Frasse & Co. 
Inc., 17 Grand St., New York 13, N. Y. 

Circle 513 on Page 19 


Self-Sticking Tapes 
New tapes for drafting, engineering, 
layouts, charts, and reproductions, avail- 
able in a variety of sizes, can be curved 
easily. They are shown and described in 
detail in Catalog 810, “Quality Self-Stick- 
ing Tapes,” which includes reproductions 
of all patterns and data on the kinds and 
sizes of tapes available for various fields. 
26 pages. ACS Tapes Inc., 217 California 

St., Newton 58, Mass. 
Circle 514 on Page 19 
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See how the teeth “wrap 


around” 


this high-reduction pinion 


This is a high-ratio hypoid gear. In prin- 
ciple, it is not different from more conven- 
tional hypoids produced by the Gleason 
Works. Bul... 

If you look closely at the pinion, you'll 
notice that the teeth tend to “wrap 
around” it. This design is extremely well 
suited for high reduction, strength and 
compact design. 

The result is a conical (or sometimes 
cylindrical) pinion which permits continu- 
ous tooth action—even with just one or two 
teeth! Compared to corresponding bevel 
pinions, its diameter is greater for higher 
strength. An extended shank on cylindri- 
cal pinions makes very rigid straddle 
mountings practical. 

You can design a compact unit, because 
high offset is possible! For high-offset or 
high-ratio pairs, the ‘“‘wrap around” tooth 


design provides an extra measure of the 
smooth, quiet tooth action of hypoid gears. 

High-ratio hypoids can be cut on the 
same Gleason equipment that is used on 
more familiar spiral bevel gears and 
hypoids. You can also use the same testers, 
quenching presses and other auxiliary 
Gleason equipment you’re using now. 
Grinders are available for applications 
requiring precision finish. 


High-ratio hypoids can be produced by 
the Gleason Works for ratios of 1:10 or 
1:40 or even higher. They are finding a 
growing number of applications in such 
diverse fields as farm machinery, instru- 
mentation and office equipment. 

You can get more information about 
Gleason high-ratio hypoid gears by writ- 
ing for free literature. Submit your prints 
for recommendations. 


<\ = 
X\ . 
\s 


\ 1000 UNIVERSITY AVE., ROCHESTER 3, N.Y. 
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GENERAL INDUSTRIES 


OMOOTH 


POWER 


AC MOTORS 


provide time-tested, 
proven dependability 
at lowest cost! 


Standard Line 

AC induction 
Motors from 
1/1800 to 1/35 H.P. 


Two and four pole, 
shaded pole motors 
backed by over 40 
years of experience in 
producing millions of 
motors for large and 
small users throughout 
the world. 


General Industries’ mod- 
ern facilities and 
‘Know-How’ make it 
possible to offer a com- 
bination of quality and 
economy unexcelled 
anywhere in the small 
motor field. 





See Our Catalog in 


SWEETS 
7a-Gen 








or write for copy 





) Quantity Price Quotation 
On Request 


THE GENERAL INDUSTRIES ‘co. 


DEPARTMENT GK * ELYRIA, OHIO 


Circle 289 on Page 19 
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Differentials and Gears 


Keyed drawings and tables are included 
for solid and hollow-shaft differentials, in 
wide and narrow design, in new folder 
containing detailed specifications and en- 
gineering information on precision differ- 
entials and end gears. Clearance circles 
for twelve solid-shaft differentials covered 
by the folder range from 1/2 to 1 13/16 
in. Four tables list data on precision end 
gears for 96, 72, 64 and 48 diametral pitch. 
Each table covers 28 units and the num- 
ber of teeth varies over a range from 24 
to 192. 4 pages. Instru-Lec Corp., 520 
Homestead Ave., Mt. Vernon, N. Y. 

Circle 515 on Page 19 


Solenoid-Valve Selection 


Comprehensive study of solenoid-valve 
selection for corrosive applications includes 
a discussion of solenoid-valve construction 
and a list of over 500 corrosive chemicals 
commonly used in industry, Catalog Man- 
ual 108 also contains seven pages of valve- 
selection charts, diagrams showing nor- 
mally closed and normally open configura- 
tions, a flow-versus-pressure-drop chart, 
and general information required to select 
the correct valve for a specific applica- 
tion. 16 pages. Valcor Engineering Corp., 
365 Carnegie Ave., Kenilworth, N. J. 

Circle 516 on Page 19 


Decimal-Equivalent Chart 


Printed in color on coated heavyweight 
card stock, decimal-equivalent chart pro- 
vides quick conversion of Birmingham 
wire gages and fractions to decimals. 
Wire gages from 36 to 1, and fractions 
from 1/64 tagi63/64 in. are shown in a 
combination €olor-position code to facili- 
tate rapid identification. Chart DC-2 is 
11 x 14 in., suitable for desktop or wall 
location. Ohio Seamless Tube Div., 
Copperweld Steel Co., Shelby, Ohio. 

Circle 517 on Page 19 


Wire Markers 


Klip-Marks are slotted tubes of rigid 
vinyl which snap on and lift off with 
wires in place. Bulletin S-401 shows in 
pictures how the markers work, and lists 
two sizes which cover No. 10 to No. 20 
wires. Ordering material is also included. 
2 pages. Stahlin Brothers Inc., Belding, 
Mich. 

Circle 518 on Page 19 


Chemical Pumps 


Information on three models of cradle- 
mounted chemical pumps that cover the 
range to 1000 gpm with heads to 240 ft 
is given in Form 70288, Booklet gives in- 
formation on interchangeability of parts 
among units of various sizes, on applica- 
tions, materials, operating positions, and 
rotation. A chart shows features of the 
various units as broken down to pump 
components, and complete dimensions are 
included. Horsepower range is 1/4, through 
50. 8 pages. Ingersoll-Rand Co., 11 Broad- 
way, New York 4, N. Y. 

Circle 519 on Page 19 





NEW! 


HIGH-SPEED, 
SOLID-STATE, 
PRESET COUNTER 


MACHINING AND 
PROCESS CONTROL 


COUNTING 
BATCHING 
SORTING 
MIXING 
WINDING 
PACKAGING 


..or any other 
physical process 
that can be 
electrically 


digitized 


The completely transistorized Model 300T 
industrial counter is rugged, dependable 
and low-cost control instrumentation that 
is ideal for every use requiring a preset 
counting device. Modular design minimizes 
maintenance time and steel construction 
permits mounting directly on controlled 
machine. Modules can be easily modified 
for special applications. The 300T is a truly 
remarkable instrument that deserves your 
serious consideration. 

Send today for complete technical infor- 
mation, 





SPECIFICATIONS 
Speed: 6,000,000 counts per minute 
Range: 1 to 9,999 standard. 
5 to 8 decades available 
Reset: Automatic, manual, local or external 
Size: 33” high; 93” wide; 14” deep 
(standard model) 


_ Approx. 10 Ibs. 











INSTR! ION 


ERIE PACIFIC DIVISION « ERIE RESISTOR CORPORATION 
12932 S. Weber Way, Hawthorne, California 
Phone: ORegon 8-5418 
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Electromechanical Devices 


Manual 361 assists in the selection and 
application of electromagnetic clutches 
and brakes, mechanical clutches, torque 
indicators, torque standards, and multi- 
speed transmissions. Booklet contains 16 
pages of engineering and application in- 
formation, a torque conversion chart, 
specifications, dimensional data, schematics, 
and general characteristics with illustra- 
tions. 60 pages. Autotronics Inc., Floris- 
sant, Mo. 

Circle 520 on Page 19 


Insulating Sleeving 
Hygrade SR-398, Class H_ insulated 
sleeving has heat stability which permits 
continuous operation to 400 F. Sleeving 
is described in new bulletin which gives 
thermal, electrical, and physical character- 
istics of the three grades. Other silicone- 
rubber products are also described briefly. 
4 pages. L. Frank Markel & Sons, Norris- 
town, Pa. 
Circle 521 on Page 19 


Properties of Cast Irons 
Significant properties and specifications 
of approximately 40 irons and alloys are 
presented in chart form for reference and 
comparison. “Many Irons, One Source, 
One Quality” covers various types of duc- 
tile iron, gray iron, ductile Ni-Resist, 
Meehanite, Ni-Resist, Ni-Hard, and al- 
loyed iron. 6 pages. Hamilton Foundry 
Inc., 1551 Lincoln Ave., Hamilton, Ohio. 
Circle 522 on Page 19 


Pillow Blocks 
Series P2-300 heavy-duty, ball-bearing 
pillow blocks are equipped with self-align- 
ing,single-row, deep-groove, precision ball 
bearings. Available in a complete range 
of shaft sizes from % to 4 in., and con- 
forming to basic standards of the AFBMA, 
they are described in Folder 2951. 4 pages. 
Link-Belt Co., Dept. PR, Prudential Plaza, 
Chicago 1, Ill. 
Circle 523 on Page 19 


Photocathode Characteristics 


On one side of a slide chart of phosphor 
and photocathode characteristics are the 
pertinent characteristics of 23 different 
phosphors. The other side covers 14 of the 
most common cathode materials. Slide chart 
is sturdy, pocket-sized. Component Sales, 
ITT Federal Laboratories, Fort Wayne, 
Ind. 

Circle 524 on Page 19 


Temperature Transducers 


Having ranges with extreme limits of 
—435 to +1900 F, platinum resistance 
Weld-On temperature transducers meet 
the severe operating environments found 
in missile applications. Product Note 3010 
describes the complete line of these units, 
giving full specifications for the various 
types. 4 pages. Trans-Sonics Inc., P. O. 
Box 328, Lexington, Mass. 

Circle 525 on Page 19 
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LONG LIFE, THOMSON ‘‘Snap-In” 
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Low Cost Low Cost Low Cost 
FLANGED Nyliner SLEEVE Nyliner DOUBLE-FLANGE Nyliner 


COST LESS to BUY 
COST LESS to INSTALL 
G ELIMINATE LUBRICATION 


Additional Benefits: 


LOW FRICTION 
RESIST POUNDOUT 

NO FRICTION OXIDATION 
DAMP VIBRATION 
OPERATE IN LIQUIDS 
NON-CONTAMINATING 


INSTANTLY REPLACEABLE 
RESIST ABRASION 
MINIMUM SPACE 
SILENT OPERATION 
LIGHTEST WEIGHT 
REDUCED WEAR 


CLOSE FIT 
LONGER LIFE 
EASILY INSTALLED 
LESS SERVICING 
SELF-RETAINING 
RESIST CORROSION 


Engineered to Solve Problems ... Improve Products... 
Reduce Costs! 
NYLINER Bearings are a highly engineered thin liner of DuPont Nylon, designed 
to bring bearing usess the many benefits of Nylon as a bearing material by solv- 


ing most of the limitations surrounding its use. The compensation gap prin- 


ciple assures maintenance ‘of diametral tolerances for precision applications 


Seven Standard Types available from stock. Write for literature and name of 
your local representative who stocks NYLINER Bearings for immediate shipment 


Z NN . THOMSON INDUSTRIES, Inc. 









. 


| 4 
Aso WW —Manufacturers of BALL BUSHINGS .. . the Ball Bearing for Linear 
Motions and 60 CASE... Hardened & Ground Steel Shafting 


IN STAINLESS STEEL 


... from highly accurate air-operated 
sanitary valves to unbelievably deep 
draws to specialty products, A-P-C 
versatility in drawing, welding and 
fabricating sets the pace for the 
stainless steel industry. 

Engineering know-how, manufacturing 
craftsmanship, increased production 
capacity provides you with 
components and parts far better 

and faster than ever. 


A-P-C welcomes your investigation 
as the answer to all stainless steel 
requirements. Just a postcard 
brings a prompt reply. 


ALLOY PRODUCTS CORP. 


1067 PERKINS AVENUE WAUKESHA, WISCONSIN 
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HUMAN-FACTORS 
ENGINEERING 


by John D, Vandenberg and C. Thomas Goldsmith 


Thirty-one pages of helpful information for the 
designer contending with human limitations and 
capabilities. Special emphasis is given to de- 
sign for vision, hearing, muscular performance 
and body dimensions in relationship to man- 
machine efficiency $1.00 per copy 


A REPRINT 


ORDER FROM: Machine Design Reader Service 
Penton Building, Cleveland 13, Ohio 
(Remittance or Company Purchase Order must be enclosed with order) 
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Selsyn Indicating Systems 


Bulletin GEA-7218 gives data for remote 
indication and remote control. It details 
some of the many possible applications 
of the selsyn monitoring system, and 
lists several indicator arrangements avail- 
able. Use of cam-operated limit switch 
as an automatic feedback control is 
covered. Brochure contains specification 
tables to select dial type, degree of accu- 
racy desired, appropriate indicators, and 
transmitters. 6 pages. General Electric 
Co., Schenectady 5, N. Y. 

Circle 526 on Page 19 


Fractional-Horsepower Motors 


Bulletin PL-SB2820 on fractional-horse- 
power motors lists all standard units nor- 
mally carried in stock and available for 
short delivery. Publication covers over 
500 different general and special-purpose 
motors including jet-pump motors, oil- 
burner motors, belt-drive furnace-blower 
motors, air-circulating motors, and sump- 
pump types. 4 pages. Industrial Motor 
Dept., Westinghouse Electric Corp., Lima, 
Ohio. 

Circle 527 on Page 19 


Vibration Inducers 


Various types of rotary vibrators and 
electrical vibration inducers are covered 
in Form 1044. Units are pictured and 
shown in several applications, and com- 
plete specifications are included. A group 
of mounting auxiliaries is also shown. 6 
pages. Martin Engineering Co., Neponset, 
Ill. 

Circle 528 on Page 19 


Agitation-Equipment Drive 
Bulletin 1001 describes features of TW 
drive which provides quiet agitation in 
open or closed chemical vessels. Photo- 
graphs are used to show how compact 
design provides maximum free area for 
vessel piping and top head accessories, and 
cut-away drawings show how seal or 
stulfing box has been made _ integral 
with drive support to eliminate variation 
between components. Second half of the 
bulletin is devoted to individual descrip- 
tion and specifications for each primary 
type of TW drive. Dimensional drawings, 
weights, agitator speeds, and horsepower 
ratings are provided. 8 pages. Pfaudler 
Co., 1127 West Ave., Rochester 11, N. Y. 
Circle 529 on Page 19 


Diaphragm Valves 


Data on eight types of air operators for 
diaphragm valves are given in Bulletin 
134-A. Operators available from stock are 
listed for valves from 1% through 12-in. 
sizes. Sectional drawings, descriptive in- 
formation, tables of air actuator pressures 
for various line pressures, dimensional data, 
and ordering instructions are provided 
for air open-spring close, spring open- 
air close, and air open-air close types of 
operators. 6 pages. Hills-McCanna Co., 
400 Maple Ave., Carpentersville, III. 

Circle 530 on Page 19 
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Transistor Heat Dissipators 


Transistor heat dissipators available for 
a variety of sizes and types of power 
diodes and transistors are discussed in a 
new bulletin. Three basic package sizes 
with various configurations for suitable 
mounting of JEDEC case sizes used in 
transistors and diodes are shown. 4 pages. 
U. S. Heat Sink, 637 S. Isis Ave., Ingle- 
wood, Calif. 
Circle 531 on Page 19 


Temperature Recording 
“Temperature Recording from Platinum 
Resistance Sensors” describes and _illus- 
trates how a Universal carrier amplifier 
and a platinum resistance sensor are ap- 
plied to provide a combination for re- 
cording temperatures from —320 to 
+2000 F with temperature deviations of 
1/100 of 1 deg. Basic setup procedures, 
temperature compensation, bridge circuits, 
calibration charts, and recording accuracy 
are also described in Booklet Form TR. 
12 pages. Brush Instruments Div., Clevite 
Corp., 37th & Perkins, Cleveland 14, Ohio. 
Circle 532 on Page 19 


Indicators, Controllers 


Thermo Electronic indicators and indi- 
cating controllers provide rapid automatic 
indication and/or control of a variety of 
industrial processes. Bulletin 67 explains 
operating principles, two or three-position 
control features, applications, smali space 
installation, and special design features of 
potentiometer or bridge models. Further 
information on conservatively rated com- 
ponents is given, and specifications on 
the sensitivity, accuracy, response speed, 
operating requirements are also provided. 
4 pages. Thermo Electric Co. Inc., Saddle 
Brook, N. J. 

Circle 533 on Page 19 


Lightweight Fittings 
Engineering details relating to a new 
series of lightweight fittings for missile 
plumbing are included in new brochure. 
Contained within the brochure are dia- 
grams and charts explaining the general 
environmental and use requirements, test 
data on the performance of individual 
components, and availability of the various 
sizes and materials to fulfill a variety of 
desired applications. 8 pages. Harrison 
Mfg. Co., 2908 N. Naomi St., Burbank, 
Calif. 
Circle 534 on Page 19 


Commercial Glass Properties 


Expanded data on corrosion resistance 
and thermal expansion of 32 commercial 
glasses are additions to revised Booklet 
B-83, “Properties of Selected Commercial 
Glasses.” Pamphlet also contains more 
complete information on evaluating the 
hardness of glass, and includes standard 
sections on mechanical, electrical, and 
optical properties, thermal stress, heat 
transmission, and viscosity of the glasses. 
16 pages. Write on company letterhead to 
Corning Glass Works, Corning, N. Y. 
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where 
have the 


simple relays 


Many, of course, have disappeared 
along with the relatively simple jobs 
they were asked to perform. (A good 
telegraph relay * or pulse repeater today, 
for example, should not only be small but 
able to transfer its contacts on a milliwatt 
or so about 500 times a second for half a 
billion operations — and then be repair- 
able, adjustable and lovable besides.) But 
there are still plenty of naive, uncompli- 
cated loads around that ask only to be 
switched on and off, at reasonable inter- 
vals, by a device that doesn’t have so 
many parts and fancy thingamajigs that 
it may become temperamental and refuse 
to work without being coaxed. 


For such applications we are happy to say 
we have a paragon of ingeniously simple, 
fool-proof relay design. It won’t make the 
same confidence-inspiring noise as the 
classic above and it’s not for telegraphy, 
but you can see through its enclosure and 
watch its contacts surely open and close. 
The designer started with the 
familiar enclosure and octal plug- 
in base and then developed the 
relay accordingly (with UL re- 
quirements in mind); he didn’t 


‘> a 
¥ 


*Plug Coctal, that is) for Sigma Series 72 relay 


c _ in 


just take an existing relay and tack 
on a new base and enclosure. As a re- 
sult, the parts make the best use of the 
volume (15%” square x 2%" high) and are 
big, simple, rugged and few in number. 
The base is specifically designed to carry 
the 10 amp. loads the relay will switch. 


The relay is designated “Series 46” and 
intended for general purpose, heavy - duty 
DPDT switching on AC or DC inputs. 
Rated DC loads are 5 amps at 28 volts, 
1 amp. at 120 volts; AC, 1200 volt- 
amperes per pole with 240-volt and 10- 
amp. maximums. Life ranges from 10 
million operations with 1-amp. loads to 
half a million with 10-amp. loads. The 
relay can be as sensitive as 200 milliwatts 
DC, or 0.2 v-a AC. 


We've looked at what else is available for 

the same modest price and the “46” specs 

give us considerable hope. If your prob- 

lem has been the right specs but the wrong 
price, or vice-versa, perhaps 
you'd like the 46 AC and DC 
bulletins. In the meantime, always 
remember: You can be sure if it’s 
Sigma, it’s simple. 


Eo & 


B89 PEARL ST., SO. 


BRAINTREE 85, 


j 
; 
f j 
j j 
| N 
4 


SIGMA INSTRUMENTS, INC. 


MASS. 
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Use Yellow Card, page 19, to obtain more information 


Optical Lenses 


of flat plastic give 
high performance 


Frenelenses are thin, light, flat 
sheets of transparent grooved plas- 
tic. Each groove is a minute re- 
fracting facet of a circular prism, 
forming many microscopic optical 
elements capable of bending light 
in a variety of ways. There can be 
several hundred to several thousand 
such prisms on the surface, depend- 
ing on the requirement. Since the 
lens is the reproduction of a curved 


surface as a plane, it is possible to 
correct for spherical aberration in- 
herent in regular lenses. Thickness 
of the unbreakable lenses varies 
from 10 to 100 mils. They can be 
cut, turned, drilled, sawed, ma- 
chined, and cemented to a support. 
Stocker & Yale Inc., 366 Green St., 
Marblehead, Mass. 

Circle 535 on Page 19 


Epoxy Pellets 


can be made in any shape 


Epoxy bonding material in easy-to- 
handle pellets eliminates difficulty 
in mixing, difficulty in metering, 
and skin irritation. Pellets will bond 
practically any kind of material to 
any other kind. Shear strength of 
a steel-to-steel bond is 4700 psi, and 
softer materials tear before the bond 
fails. Pellets also have good chemi- 
cal and solvent resistance, low mois- 
ture permeability, and good elec- 
trical characteristics. By modifying 


180 


pellet composition, bonding mate- 
rial can be made either flexible or 
rigid. Pellet size is tailored to each 
bonding application so that when 
the pellet melts it provides exactly 
the right amount of adhesive for 
the job. Curing temperature can be 
varied from 85 C for bonding heat- 
sensitive components to 250 C for a 
fast-cure bond. Pellets can be made 
in any desired shape. Epoxy Prod- 
ucts Inc., Div., Joseph Waldman 
& Sons, 137 Coit St., Irvington, N. J. 

Circle 536 on Page 19 


Dual-Speed Drive 


provides positional 
accuracy of 12 min of arc 


Miniature dual-speed drive, desig- 
nated DSD-40, meets the need for 
a low-cost, miniature precision gear 
reducer and provides a_ positional 
accuracy of 12 min of arc. Drive 
provides precise and repeatable po- 


sitioning of rotary components such 
as potentiometers, resolvers, and 
syncros. Knurled thumbwheel ac- 
tuates a Delrin screw and axially 
locks the outer dial securely on 
exact setting. Drive meets environ- 
mental specification MIL-E-4970 
(USAF). Mechanical Products 
Div., Technology Instrument Corp. 
of Acton, 533 Main St., Acton, 


Mass. 
Circle 537 on Page 19 


Pinions, Precision Gears 


in more than 1000 
sizes and varieties 


Line of pinions is offered in any 
number of teeth from 10 to 35, and 
any length from 14 to 2 in. Com- 
plete line of spur gears is also car- 
ried, as well as 50,000 gear blanks. 


Hiram Jones Electronics, 1010 Oak 
St., Burbank, Calif. 
Circle 538 on Page 19 


Miniature Check Valve 


handles pressures 
to 20,000 psig 


Miniature, stainless-steel check 
valve, Model CVI7, can be used in 
applications with corrosive fluids or 
hot exhaust gases to 1800F, and 
handles pressures to 20,000 psig. 
Fast-acting metal poppets or plas- 
tic-coated poppets are available. 
Ports shown are per MS33656-4 for 
connection with 1/4-in. tubing or 
hose. Over-all length, including 
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HITACHI 


NO.2 ML MILLING MACHINES 


Vibration Damping Device 

Due to a vibration damping device of 
Hitechi’s exclusive design contained 
within the over-arm, minimum vibration 
will be set up even during higher 
speeds and feeds operation, so that an 
excellent finished surface is obtained. 


New-Type Arbor Support Bearing 
Hitachi's unique super precision-type 
bearing, a combination of plain metal 
and needle bearing, is incorporated 
into the machine to enable high speed 
cutting with high precision results. 





Mono-Lever Control System 
Hitachi's unique Mono-lever Con- 
trol System makes the operation 
simple and easy. Table-feeding too 
can be performed with ease. 


Backlash Eliminator of Lead 
Screw 

As the use of two independent 
nuts eliminates backlash on the 
table feed screw, smooth 
down-cutting can be effected. 


No. 2 ML Plain Milling Machine 


SPECIFICATIONS : 


@ 53 1/8”X10 1/16” Table @ 16 Table Feeds 1/16” —78 3/4”/min. 
@ 28” Longitudinal Traverse @ 16 Spindle Speeds 25 — 1,500 r.p.m. 
@ 7.5 h.p. Main Motor 


L, Ute. 


Tokyo Japos 
Cable Address: “HITACHY’ TOKYO 








July 6, 1961 


Circle 2$5 on Page 19 








9 STEPS 
~ ELIMINATED 


by BRIDGEPORTS new 
Cored Forging Method 


Originally, this one piece brass forg- 
ing was a casting-plus-brazed-rod as- 
sembly. Now it is struck from a single 
billet. Tapping alone replaces 6 pre- 
vious production steps. 

Checked below are the Bridgeport 
Cored Forging benefits applying to 
the power switch part shown above. 


closer tolerances 





denser, stronger grain 





less machining to finish 





no assembly required 





thinner walls or sections 





less finished weight 





multiple coring 





less scrap/rejects 
lower cost plating 








Which of these process savings or 
product improvements would apply to 
your part or assembly? Write for de- 
scriptive brochure...or send your parts 
or drawings for our evaluation...to: 


CORED FORGINGS DIVISION 


BRIDGEPORT 


BRASS COMPANY 


1000 Connecticut Ave., South Norwalk, Conn. 
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fittings, is 214 x 1 in. diam, and 
weight is 0.125 lb. Marotta Valve 
Corp., Boonton, N. J. 

Circle 539 on Page 19 


Spray Adhesive 


speeds assembly of 
lightweight materials 


Spraygrip is a low-pressure, spray- 
on adhesive, sprayable at pressures 

of 5 psi. It provides excellent ad- 
| hesion of metal and plastic panels 
| to insulating materials such as felt, 
| asphalt-impregnated paper, glass 
fiber, polyethylene, and _polyure- 
thane sponge and foam. The one- 
surface adhesive is sprayed on for 
immediate assembly. It is completely 
resistant to moisture and to ex- 
tremes of temperature, remains 
flexible and cannot crystallize, pro- 
viding continuous protection 
against vibration. Anchor Adhe- 
sives Corp., 36-23 164th St., Flush- 
ing 54, N. Y. 





Circle 540 on Page 19 


Coil Springs 
in over 800 new sizes 


SPEC precision compression and 
extension coil springs available as 
stock items have been increased to 
more than 1500 sizes with the addi- 
tion of 800 new sizes. Compression 
springs range in OD from 0.057 
| through 0.720 in. to fit standard 
| holes, with wire diameters of 0.006 
through 0.072 in. Extension spring 














MODERN 
ELECTRONIC 
ENGINEERING 
GIVES PRECISE 

MOTOR SPEED 


CONTROL 
1/100 — 10H. P. 


Modern industrial electronic en- 
gineering has been coordinated 
with electric motor design to 
provide a versatile means for 
obtaining the full possible ad- 
vantage of speed control in DC 
motors while operated from the 
regular alternating current power 
line. Grid controlled “Thyratron” 
tubes are utilized for power con- 
trolled stepless variation to sup- 
ply motor armature power. 
Patented feedback, or “Servo” 
circuits provide constant torque 
capability over wide speed ranges 
of as high as 60 to 1 in some 
models and a minimum of 20 
to 1 in others. 


De ELECTRO DEVICES, Inc. 


Oliv. ef 


4 Godwin Ave., Paterson, N. J 


ARmory 4-8989 
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diameters range from 0.063 through 
1.0 in. and lengths range to 5 in. 
Units are available in music wire 
for standard applications or in stain- 
less steel for applications where 
temperatures range to 250-500 F. 
Both types of wire are certified to 
military and aircraft standards. As- 
sociated Spring Corp., Bristol, 
Conn. 

Circle 541 on Page 19 


Speed Reducer 


transmits 0.95 hp at 
output speed of 85 rpm 


Torque-Arm _fractional-horsepower 
speed reducer, identified as TD025, 
has a gear ratio of 25:1 and trans- 
mits up to 0.95 hp at maximum 
recommended output speed of 85 


eA | 


rpm. A predetermined combina- 
tion of reducer and V-belt drive 
provide any speed ratio of 175:1. 
As a shaft-mounted reducer, unit 
is equipped with a torque arm for 
simple adjustment of V-belt drive 
center distance. Overload release 
is optional. As a flange-mounted 
reducer, it can be bolted directly to 
the driven machine or supporting 
structure. Unit is bored for mount- 
ing on 11% in. shafts, and bushings 
can be furnished to adapt for small- 
er shafts. Dodge Mfg. Corp., 
Mishawaka, Ind. 

Circle 542 on Page 19 


Synchronous Motor 


is two-pole unit of 
open-end ventilated type 


M49-frame reluctance synchronous 
3-in. diam motor is a two-pole unit 
of open end-ventilated construc- 
tion. Improvements in electrical 
performance include use of Class B 
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HIGHER EFFICIENCY 


GET 
INCREASED 


PERFORMANCE 
WITH THE NEW 


LAU 


STATIC PRESSURE 
BRAKE HORSEPOWER 


~ CUBIC FEET P 


| in er’s choice. 
minum, cold rolled steel or sine grip and i in a range of diame 


Get this free 
engineerirge 
data file on the 
new Lau high 
performance 


a appliance 


wheel. 


' blade lengths, bore sizes and back plate designs. | 


THE LAU BLOWER COMPANY 


2027 Home Avenue Dayton 7, Ohio © 


gah vdaededetss’ occcvccdccdsa¥esebocspuauabhelebeasasal 


POSH HESS EEB EEE SESE EEE EEE 


Mr. Wm. H. Wentling, Director of Engineering 
The Lau Blower Co., 2027 Home Ave., Dayton 7, Ohio | 


Please send me your engineering data file on-the new Lau 
high performing wheel. [] We would like to see sample wheel. | 


Name 





Position 





4 
{ 
| 

1 





Company Name 
j 


Address 
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the secret of Ford’s swing-away wheel 


The secret of the new swing-away steering wheel in the Ford 
Thunderbird is a flexible shaft between the stub shaft in the 
steering gear box and the upper steering rod. 


Here are the benefits derived from flexible shafts: 

1. Safety. Safety against failures is provided. 

2. Durability. Flexible shafts eliminate the possibility of 
play or lost motion at this juncture for the life of the car. 
3. Compact. The flexible shaft is more compact than con- 
ventional joints. 


4. Strength. In case of power steering failure, the maxi- 
mum torque would be 660 pound-inches, which would occur 
during parking on dry pavement. The flexible shaft can 
absorb this and much more. 

Here is another example of creative engineering with 
flexible shafts. Investigate for yourself how they can solve 
many of your design problems and at the same time 

reduce costs. 


S. S. WHITE INDUSTRIAL DIVISION, 
DEPT. 4 10 East 40th Street, N. Y. 17, N. Y. 


THE S. S. WHITE FLEXIBLE SHAFT HANDBOOK 
New 4th Edition...Send for your free copy! 
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material for stator core insulation 
to ground, and an epoxy blue-gray 
varnish treatment for windings and 
shell finish. Varnish treatment 
acts as an insulation, a bonding 
agent, and a protective, moisture- 
resistant coating. Line covers con- 
tinuous-duty ratings from 15 to 35 
mhp in synchronous, and through 
1/12 hp in split-phase, two-pole de- 
signs. General Electric Co., Sche- 
nectady 5, N. Y. 

Circle 543 on Page 19 


Thin Switch 


has only one 
stressed metal part 


Thin M switch can be stacked four 
to the inch. Model has only one 
stressed metal part, Faston or solder 
terminals, integral and detachable 
leaf and roller actuators, and op- 
erating forces starting at 20 grams. 
It is available in 3 and 6-amp units. 
Acro Div., Robertshaw-Fulton Con- 
trols Co., Columbus, Ohio. 

Circle 544 on Page 19 


Top-Entry Ball Valves 


have one-piece 
body design 


Evrtyte ball valves provide on-off 
valving of gas, air, oil, water, or 
liquid chemicals. One-piece body 
is cadmium-plated carbon steel or 
stainless-steel bar stock. Threaded 
inlet and outlet connectors permit 
fast, positive installation in ¥%, ¥/, 
34, and l-in. lines. Large arrow 
indicating the flow direction is cast 


sr 
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into the valve body. Maximum 


pressure-temperature ratings are | 


150 psi at 365 F for steam lines, and 
1000 psi for water, oil, liquid, chem- 
ical and gas-handling applications. 


New valves provide a fuller flow | 


than previously obtainable in ball 
valves designed for the same pipe 
sizes. Strong, 508 Sandusky St., 


Conneaut, Ohio. 
Circle 545 on Page 19 


Screw Assembly 


incorporates spring-pin 
preloading 


Backlash of ball-bearing screw as- 
semblies, normally eliminated by 
providing mating flanges on two 
ball nuts for each assembly, has 
now been eliminated by a recently 
developed method of spring pre- 


mtd edo 


OLD 


loading which lowers space require- 
ments and cost of the assembly. In 
this design, two torque pins backed 
by springs provide rotational re- 
straint between the ball nuts, while 
applying a preload determined by 
the capacity of the springs selected. 
Saginaw Steering Gear Div., Gen- 
eral Motors Corp., Saginaw, Mich. 

Circle 546 on Page 19 


Vibration-Damping Devices 


reduce resonant amplitudes 
of vibrating structures 


Strip-Dampers minimize vibration 
response of such structures as air- 
frame components, electronic chas- 
sis, air ducts, and shock and vibra- 
tion test fixtures. Units dissipate 
the mechanical energy of vibration 
through viscoelectric shear damping. 
Weighing less than 1!/ oz, includ- 
ing attaching clips, Strip-Dampers 
are 1134 in. long but can be cut 
easily to shorter lengths for small- 
area applications, with little loss 
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PINE 


tandard Duty 
lowers-Series 16 














Engineered specifically for 
pneumatic conveying applications 


The new Standard Duty M-D Rotary Positive 
Blower Series 16 combines all of the rugged- 
ness and dependability of ductile iron with 
the flexibility, lighter weight and lower cost 
of aluminum blowers. 

Eleven models ranging from 50 CFM of 
air with pressures up to 12 PSIG or up to 12” 
HG vacuum have been specifically designed 
for material handling system applications. 

Send us your air or vacuum requirements. 
We'll be glad to make recommendations. 


For full information, write 


M-D BLOWERS, inc. 


Racine, Wisconsin 
, x A SUBSIDIARY OF MIEHLE-GOSS-DEXTER, INC, 
o 
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SERIES “*K”’ 


Internal Key 
Tie-Rodless Type* 
Series 101A 

Air-150 psi-up to 

1500 psi Hydraulic 

Fits where others won't 
Bulletin 101A 


* 
1¥," to 8” bores 


There’s an OM 
Cylinder for 
Every Purpose 


MEET JIC STANDARDS 


With the introduction of the new O-M Series 
“K," Square Head Air Cylinder, we can now 
supply the right air or hydraulic cylinders 
for your specific applications on low or high 
pressure systems. Ruggedly constructed of 
the highest quality materials, accurately 
machined to close assembly tolerances, 
O-M Cylinders operate with high efficiency 
and are quickly and easily maintained. 

Whether your spec's call for a cylinder 
for a single operation or a variety of cylinders 
for a sequence of operations under con- 
tinuous automatic cycling, there is an O-M 
Cylinder to meet your requirements. O-M 
Cylinders are individually tested at the fac- 
tory and are available with standard or over- 
sized rods, completely interchangeable parts 
and mounts. 

Mail coupon TODAY for latest Bulle- 
tins showing construction and dimen- 
siona! details, engineering drawings, 
capacity chart and mounting data. 

Improved Tie-Rod Type Series 105A 
(Heavy Duty), Hydraulic 2000 psi; 3000 psi 
non-shock not illustrated. Bulletin 105A 

Automation Type 200 psi Air Series 
RA, 1000 psi Hydraulic Series RH not illus- 
trated. Bulletins 107-108 


eeu on 


ORTMAN-MILLER MACHINE CO. 


7143rd Street, Hammond, ind l 


Send Bulletins O Hove representotive call. 


(C1) 01a DD 10sa DF) 107 F108 Fis ; 


Neme Position 





Compony 








a 


Met stecortpcagrainereuaneaalgenge 


Cirele 301 on Page 19 
186 





I 
Address I 
t 


NEW PARTS AND MATERIALS 





of damping efficiency. Attaching 
hardware consists of special clips de- 
signed to be riveted or bolted in 
place, or dampers can be attached 
with epoxy glues. Units can be used 
under operational temperatures 
from —80 to +350 F. They resist 
moisture, fungus, oils, and solvents, 
weathering, ozone, aging, and ma- 
terial fatigue. Barry Controls Div., 
Barry Wright Corp., 700 Pleasant 


St., Watertown 72, Mass. 
Circle 547 on Page 19 


Printed-Circuit Laminate 


has high tensile and 
impact strength 


Cimclad copper-clad laminate pro- 
vides high tensile, flexural, and im- 
pact strength of glass-fiber-rein- 
forced plastic. In addition to elim- 
inating printed-circuit-board break- 
age, the glass reinforcement and 
resin system provides high elec- 
tricals, including low-loss factors, 
increased insulation resistance, and 
low moisture absorption. Material 
is easy to process, cold punches well 
at room temperatures, and is self- 
extinguishing. Cimastra Div., Cin- 
cinnati Milling Machine Co., Cin- 
cinnati 9, Ohio. 

Circle 548 on Page 19 


Clip Nut 
in No. 8-32 and 10-32 sizes 


SL100 clip nut features a strong 
spring clip and “wrap-around” re- 
tainer design through which spring 
and retainer work together to re- 











THESE 
TEMPLATES... 


‘‘PACKAGE”’ 


wrap up 
your right-angle 
design problem! 


. .. And the transition to the “Package” 
concept of right-angle power transfer is 
that simple with this easy-reference tem- 
plate kit. 18 basic Crown right-angle 
units are shown on six template sheets, 
each full scale. 

WHY spend countless hours on research 
and drawings? WHY purchase expensive 
patterns, core boxes, castings, steel and 
other materials? WHY manufacture fix- 
tures and gages? WHY machine, inspect, 
assemble and test components? 

WHY NOT OBTAIN THE IDEAL SOLUTION 
TO YOUR RIGHT-ANGLE PROBLEM... 
IMMEDIATELY, AND AT TREMENDOUS SAV- 
INGS? 

Your local Crown Gear Distributor 
(Listed in Power Transmission Design Di- 
rectory) has the answers ... and your 
Template Kit. Call him or consult factory. 


320 PARK AVE., WORCESTER 10, MASS. 
A Division of Harrington & Richardson, Inc. 
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sist torque-out and push-out. Sizes 
now offered include No. 8-32 and 
No. 10-32, for mounting on panels 
to 0.090-in. thick and with edge 
margin to '4 in. Thread-locking to 
MIL-N-25027 is standard. Shur- 
Lok Corp., 879 S. East St. Ana- 


heim, Calif. 
Circle 549 on Page 19 


Synchronous Motor 


has L-shaped, 
variable-pole arm 


VP-III high-torque, permanent- 
magnet synchronous motor for pro- 
gram timers, computers, displays, 
and other electromechanical de- 
vices uses an L-shaped, variable- 
pole arm to make it impossible for 


the motor to fail to start because 
of being on dead center. If the 
poles of the rotor should stop on 
dead center, magnetism induced in 
the variable-pole arm by the field 
coil will start the rotor into mo- 
tion, giving both permanent and 
alternating polarity to the rotor. 
Standard motor speeds available 
range from 10 to 1/60 rpm. Mo- 
tor is available in clockwise or 
counterclockwise rotation, 115 v, 60 


cycles standard. Standard motor is | 
rated at 20 oz-in. at 1 rpm and the | 
high torque model is rated at 40 | 
oz-in. at 1 rpm. Lake City Inc., | 


Crystal Lake, III. 


Shaft Collar 


transmits torque and/or 
thrust loads without keyways 


New torque collar combines thread- 
ed mounting flange and an inde- 
pendent-acting, spring-locking shaft 
collar into a one-piece unit. Lock- 
ing action, achieved without a 
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WEST COAST DIV.: HUNTINGTON PARK, CALIFORNIA 


Do you have to 


COPE WITH THESE 
CONDITIONS 


to keep on stream ? 


SOLIDS IN 


BRINES SUSPENSION 


you combat them all with an 


ANIPCO*’ metal 


What can a copper-base alloy do for you? Whatever it is, there’s 
a specific AMPCO metal — or other Ampco alloy — that does the 
job exactly. 


Equally important, you can select the best, most economical 
form of production — fabrication, sheet, plate, tubing, pipe and 
fittings, extrusion, forging, sand casting, centrifugal casting. 


Call in your Ampco field engineer. 


G-22 


AMPCO METAL, INC., Dept. 30G, Milwaukee 1, Wis. 
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SOUTHWEST DIV.: GARLAND (DALLAS COUNTY), TEXAS 
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WILBOW molded 
Neoprene parts mean 

new sales 

features 


Corrugated Neo- 
rene feed rolls by 
VILBOW assure 

positive single- 

sheet feeding. 


New, positive “‘pull-in’’ 

type feeding for any weight or 

size of paper stock is one of the out- 

standing performance features of the recently 

introduced Liberator 600 Duplicator by Speed-O- 

Print Corporation. To produce the specially engineered feed 

rolls required, with precisely controlled characteristics of 

size, yield, texture and wear resistance, Speed-O-Print called 
on WILBOW. 

WILBOW excels in the manufacture of high-performance, SEND FOR 
high-precision mechanical rubber parts to meet the most exact- COMPLETE 
ing requirements. A full range of synthetic, natural or silicone WILBOW CATALOG 
polymers ... plus complete equipment for molding, lathe cut- 


ting, die-cutting or extruding... is at your service to make the 
parts that will give your product new sales appeal. Why not 
check the possibilities with WILBOW today? 


The WILLIAMS-BOWMAN RUBBER CO. 


1951 South 54th Avenue e Cicero 50, Illinois ¢ (Chicago Suburb) 
Mfrs. of ~olded, punched, extruded and cut rubber goods. Specialists in pro- 
ducing rubber covered rolls, silicone rubber paris and bonding rubber to metal 
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Design Guide to 


Adjustable-Speed 
Drives 





@ ELECTRICAL 
@ MECHANICAL 
® HYDRAULIC 


Here, in one book—148 pages, with 24 tables. 
119 charts and 171 illustrations—is what the 
designer should know about adjustable speed. 


$7.00 
per copy 
{Remittance of Company Purchase Order must be enclosed with order.) 


MACHINE DESIGH 
READER SERVICE 


Penton Building 
Cleveland 13, Ohio 
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threaded fastener, is equivalent to 
a shrink fit. Unit transmits torque 
and/or thrust loads without keys, 
keyways, setscrews, or other auxil- 
iary devices. It permits precise tim- 
ing on automatic machinery, and 
will not score the shaft; overload 
slip feature protects machine parts 
in case of a jam. Collar is avail- 
able in sizes from 1/ to 2-in. bores. 
Kolock Products Co., P. O. Box 200, 
Lutherville, Md. 

Circle 551 on Page 19 


Semiconductor Phofocell 


has light-trigger level 
of 80 ft-c 


Photran bistable PNPN light-ac- 
tuated silicon switch, packaged in 
JEDEC TO-18 outline, directly 
handles de load currents to 300 ma. 
Output is determined primarily by 
the load, and is independent of 
light input at all intensities above 
the triggering level. Typical light- 
trigger levels have now been re- 


duced to the area of 80 ft-c. Solid 
State Products Inc., One Pingree 


St., Salem, Mass. N 
Circle 552 on Page 19 


Miniature Indicator Lights 


consist of lamp cartridge 
and mating lampholder 


Mini-Cator miniature indicator 
lights are intended for use on elec- 
tronic equipment, computers, dis- 
play panels, precision machinery, 
and military electronic equipment. 
They consist of a replaceable lamp 
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cartridge and mating lamp holder. 
Lampholder mounts in a % in. 
diam hole and features a_black- 
anodized aluminum case, nylon in- 
sulation, and solder lugs which can 
be used as common terminal for 
several wires. Cartridges feature a 
tough nylon shell and stainless-steel 


pins, and can be used with the | 


lampholder or mounted directly in 
a 9/32-in. diam hole with a spring- 
steel clip. They incorporate either 
neon or incandescent lamps for a 
wide range of voltages, and can be 
supplied with imprinted lenses in a 


variety of colors. Industrial De- 
vices Inc., Edgewater, N. J. 
Circle 553 on Page 19 


Solenoid Valves 


have diam of | in. 
and weigh 5 oz 


B_ Series subminiature solenoid 
valves are designed for use in hy- 
draulic and pneumatic devices and 
control systems, and operate with 
all common media including many 
semicorrosive fluids. Body and op- 
erating parts are stainless steel. 
Valves are | in. in diam by 2! in. 
high and weigh 5 oz. Orifices are 
3/16 in., and fluid connections are 
all 1/16 in. PTF. Because of the 
small size, fittings are provided with 
each valve to adapt to standard 14- 
in. flared tube. Operating differen- 
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For overcurrent protection that fits hand-in-glove with tight operating specs, try the 
Heinemann Type C Overload Relay. You can practically design it yourself, to your particular 
requirements. And at reasonable cost. You not only can specify the exact integral or frac- 
tional continuous-duty current rating you need (between 0.02 and 60 amps), you can spec 
response characteristics, too. Within broad overall limits, you can have the precise time- 
delay-vs-overload action you want. All you have to tell us is the time within which actua- 


tion must occur at any specified overload value. In most cases, this value can be as low as 
115% rated load. (Because the Type C is magnetically actuated, the calibrated trip points 
you select will remain constant for the life of the relay—no ambient-temperature compen- 
sation is necessary.) m@ Optionally available with trip indication and lock-out features, the 
Type C Relay is fully described in our Bulletin 5103. Write for a copy. 


HEINEMANN ELECTRIC COMPANY, 172 BRUNSWICK PIKE, TRENTON 2, N. J. 


Circle 306 on Page 19 





Mi 


.., another 
NEW product 


NOW AVAILABLE — 
540 Ib-in. Torque 
Miniature Clutch 
Model 5.5 
Style SMR* 
(Shown 2 Size) 


*Style SMR 
signifies 
Stationary 
Magnet Body, 
Rotor—Ball 
bearing mounted. 


MORE TORQUE PER POUND... 
a MORE TORQUE PER CUBIC INCH... 
weighs 24%—63% LESS, occupies 19%—64% LESS cubic area, 
than other standard clutches of similar torque rating ! 

8 STEARNS STYLE SMR MINIATURE CLUTCHES 
Max. Max. 
V.D.C.W. Watts Weight 
115 12 Ib. 
1'%6" 5% Ib. 
Hy" 3% Ib. 
1'%y" t 3 Ib. 
1'%" 2% Ib. 
o 30 Ib-in. 2%" 1'%y" i 1¥ Ib. 
2 8 Ib-in. 1'%¢" 1%" ‘ 20 oz. 
1.8 2 Ib-in. 1%" 29%)" 2% 02. 
e For applications requiring high torque, high running speed, mini- 
mum size and weight. e bearing mounted rotor, and stationary 
magnet body eliminate alignment problems — speed _ installations. 
e@ Can be supplied: 1. For 6, 12, 28, 90, 115 VDCW — class “A” 
through class “H” insulation. 2. With integral sprockets or sheaves. 
3. To meet military specifications. 4. In split and thru-shaft ar- 
rangements. 5. In any combination of the above. 6. As magnetically 

set brakes, and as clutch-brake combinations. 

e Installation- Proved — for Assured Matched-to-the- Machine Per- 
formance and Long Life. Request 
complete Clutch Data File 61C. 








MAX. TORQUE | DIAMETER 
5.5 540 Ib-in. 5%" 
5 240 Ib-in. 456” 
100 Ib-in. 3%" 

80 Ib-in. 2h" 

60 Ib-in. 2%" 


DEPTH 
21m" 





















































120 NORTH BROADWAY © MILWAUKEE 2, WISCONSIN 
The Complete Line of Electromagnetic Clutches — Brakes — Clutch-Brokes 


SINCE 1917-THE CHOICE OF LEADING MOTOR AND MACHINERY MANUFACTURERS 
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NEW PARTS AND MATERIALS 





tial pressures run from a vacuum 
of 5 microns to 150 psi. Skinner 
Electric Valve Div., Skinner Preci- 
sion Industries Inc., New Britain, 


Conn, 
Circle 554 on Page 19 


Lock Nut 


for applications having 
severe vibration 


Uni-Torque lock nut is a one-piece, 
all-metal, reusable torque-type nut 
in which the lock is developed by 
deflecting the top threads slightly 
out of their true helix. It starts 
freely on the bolt until the deflected 
threads are reached, then requires 
wrenching into final position. Nut 
will lock in any position on bolt 


provided a minimum of | to 1!4 
bolt threads protrude beyond the 
top of the nut. Unit assures a posi- 
tive locking action in applications 
where there is severe vibration or 
heavy shock loading. It is available 
in a wide range of sizes and mate- 
rials, MacLean-Fogg Lock Nut Co., 
5535 N. Wolcott Ave., Chicago 40, 


Ill. 
Circle 555 on Page 19 


Packaged Chain, Sprockets 
for small-space uses 


Complete package drives of Micro- 
pitch bushing-type chain and 
sprockets are available from stock 
for prototypes, pilot runs, and small 
production runs. Infinitely variable 
centers possible with the 0.1475-in. 
pitch, stainless-steel chain permit 
freedom in the design of minia- 
turized power transmission, syn- 
chronizing, and conveying systems. 
Choice of 11 stainless-steel sprockets 
with 8 to 48 teeth permits 121 dif- 
ferent speed ratios. When used to- 
gether, chain and sprockets provide 
precise, nonmagnetic package drives 
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inside corners 


SHARP AS POSSIBLE 








KEYSTONE WIRE 
flowed “Zdoes it! 


“Inside shoulders as sharp as possible,” read 
the specifications for this shoulder rivet used 
in an automobile door assembly. 

“Rockford” ® Screw Products Co., Rock- 
ford, Illinois, makes this part from Keystone 
Direct Drawn Heading Quality Wire. In three 
blows, original .488” diameter wire is extrud- 
ed to .379” diameter and severely upset to 1” 
diameter. The head is consistently formed 
without cracking while holding to head di- 
ameter tolerances of +.010”. 

This special part, now made exclusively 
from Keystone Wire, is the result of extensive 
wire study. The flowability of this Keystone 
Wire allows the metal to completely fill the 
closed dies and achieve these sharp inside 
corners. Correct chemical analysis and closely 
controlled finish add to the successful cold 
heading of this shoulder rivet. 

Our trained metallurgists and technicians 
are available to help solve your wire prob- 
lems. Send us your specifications and we shall 
recommend the best steel analysis for you. 


Keystone Steel & Wire Company, Peoria, Illinois 





Is This Job 
for You? 





BACKGROUND—Recent degree in mechanical or electrical en- 
gineering, About three years of design-engineering experience. 


ABILITIES—Able to evaluate technical information on design 
techniques, new machines, components. Provable ability to write 
clearly and accurately. Should work well with people, have 
initiative and imagination, demonstrate creative as well as prac- 
tical ability. 


ENVIRONMENT—Cleveland, Ohio, with some out-of-town 
travel. As assistant editor on MD’s staff of 21 engineer-editors. 
In Penton Publishing Company, a growth company, with 5 mag- 


azines and some 60 editors. 


COMPENSATIONS—Salary comparable to that in industry. 
Chance to grow within the company. Unusual opportunity to 
broaden education, experience, and contacts. Stimulating work. 


If this appeals to you not merely as a job but as the basis of 
a career, write at once (with all pertinent facts) to the Editor, 
MACHINE DESIGN, Penton Building, Cleveland 13, Ohio. 





NEW PARTS AND MATERIALS 





suitable for small-space applications 
in cameras, computers, recorders, 
data processors, and other devices 
using miniature movements. Dia- 
mond Chain Co., Dept. M, 402 
Kentucky Ave., Indianapolis 7, 
Ind. 

Circle 556 on Page 19 


Plastic Cable Strap 


mounts in blind hole 


Plastic cable strap speeds the se- 
curing of wire or cable to sheet- 
metal surfaces in original equip- 
ment. Inserted in a blind mount- 
ing hole, strap is securely locked by 
thumb pressure, without tools. Met- 
alized gray plastic construction pro- 
vides high electrical protection; 
chemical, corrosion, and wear re- 
sistance; and high strength and vi- 
bration characteristics, Installed 
strap hermetically seals the mount- 
ing hole. Straps to fit various-sized 
mounting holes and wire or cable 


oe 


diameters are available. Budwig 
Mfg. Co., P. O. Box 4212, Glendale 
2, Calif. 


Circle 557 on Page 19 


Miniature Mechanisms 


for airborne instruments 


Miniature high-torque and flag-type 
mechanisms for airborne-instrument 
applications are highly resistant to 
vibration and shock. AM-50 high- 
torque mechanism is a self-shield- 
ing, moving-coil meter movement 
with internal permanent magnet. 
It is enclosed in a metal shell for 
maximum protection against dirt 
and damage. Mechanism can be 
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In engineering service and 
delivery from the manufacturer 


Each dollar invested in Acme Chain 
buys the highest quality product that 
experience, material, design, crafts- 
manship and facilities can produce at 
competitive prices. But your dollar 
value doesn’t end here. Acme has built 
its enviable reputation for giving its 
customers fast excellent engineering 
and technical service from start to 
finish. 

Whatever the problem, Acme’s En- 
gineering Department has always been 
on hand to supply its customers with a 
fast practical solution. 

Be sure you get this extra value 
from every dollar you invest in roller 
chains. Consult your nearest Acme 
Distributor or write our Engineering 
Department for the answer to your 
power transmission or conveying prob- 
lems. 


y 
S 2 
“ x 


‘eS < 
Nem Write Dept. 6-M 
for new ill. 100 page cata- 
log with engineering section. 


RELIABLE CHAIN DRIVES FOR ALL INDUSTRIES 





ROLLER CHAINS, SPROCKETS, CONVEYOR CHAINS, FLEXIBLE 
COUPLINGS, ATTACHMENTS. (Special and Standard 
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Rodney 
delivers 


THIN STRIP 


and FOIL 


Precision Thinness 
in Stainless and 
Special Alloys... 


Rodney concentrates its entire 
efforts, research and production, toward 
furnishing super thin, extra wide, pre- 
cision rolled, metal strip and foil in all 
tempers and finishes. With the entire 
capacity of plant and personnel devoted 
exclusively to this specific area, Rodney 
can offer the added “know-how”, manu- 
facturing experience, quality control, 
and application knowledge your opera- 
tion may require. 


Rodney produces stainless steel 
strip . . . all alloys .. . in widths from 
%y” to 24” .. . at gauges from .012” 
to .0003”. Rodney also rolls high tem- 
perature alloys and other special alloys 
on a production basis. Aluminum alloys, 
carbon steel strip and specialty custom 
rolling are also handled. 


UNIQUE SERVICE 
DESCRIBED IN 


JUST DROP US A NOTE 
ON YOUR COMPANY 
LETTERHEAD 


RODNEY 
METALS, INC. 


/ \ 
Chto RODNEY ROLLED !S 


| mechanism is 
| with a moving-coil type of move- | 





CRRD QUALITY CONTROLLED 


Mill 
Rodney French Bivd., New Bedford, Mass 


Executive Offices 
261 Fifth Avenue, New York 16, N. Y 


West Coast Office & Warehouse 


5462 East itlison St., Los Angeles 22, Calif. 
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| calibrated readily for a variety of 


scale characteristics. AM-20 flag | 
also self-shielding, | 


ment and internal permanent mag- | 
net. Designed for flight instruments, | 
mechanism offers reliable two-posi- 
tion discrimination. International 


| Instruments Inc., 88 Marsh Hill Rd., 
| Orange, Conn. 


Circle 558 on Page 19 | 


| Dry-Film Lubricant 


for extreme-temperature 
and high-vacuum service 


| Molykote X-15 is an inorganic- | 


bonded, dry-film lubricant with a | 
useful temperature range of —300 
to +1200 F. Lubricant is insensi- 


| tive to liquid oxygen, retains its lu- 
| bricating properties under vacuums 
to 10-°°mm of Hg, and is easy to ap- | 
| ply. Starting torque of the lubri- 
| cant at —100F is 12.5 lb-in. com- 
| pared to 126 lb-in. for conventional 
| —100F grease. 
| applied by brushing or spraying. It | 
| air dries to a tough, resilient coat- | 
| ing in 1 hr at room temperature. | 
| Minimum shelf life is 6 months, 
| and each package is stamped with 
Alpha-Moly- | 
| kote Corp., 65 Harvard Ave., Stam- | 
| ford, Conn. 


Lubricant can be 


the expiration date. 
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| Relief Yalve 


is rated at 10 gpm with 
relieving pressure to 2000 psi 


| Kep-O-Seal relief valve is internal- 
ly adjustable through a wide range, | 
| has excellent flow characteristics, 
' and is quiet. Constant pressure set- 





OF ACTON 


MINIATURE 
FLEXIBLE COUPLINGS 


FEATURE ® No Backlash © Com- 
pactness and Lightweight 
@ Accommodate both lateral 
and angular misalignment 
@ Choice of types offer clamp- 
ing or set-screw hubs 


Type MPC-1 consists of two flanged 
aluminum hubs and nylon or Delrin 
discs with V-grooves that are dis- 
placed 90° with each other. Discs are 
fastened with stainless steel springs 
loading ball pivots against V-grooves. 
Dimensions 7% x 7% in. 

Type MPC-2 has two cylindrical 
aluminum hubs, each with two ball 
pivots attached. Hubs are attached 
to a pair of flexible phosphor bronze 
discs which hold and load the ball 
pivots. Dimensions % x 2 in. Both 
types have range of bores to accept 
shafts from .120” to .250” and meet 
MIL-E-4970 and withstand —80° to 
200°F and shock to 100 G. 


oF ACTON 


ADJUSTABLE 
SLIP CLUTCHES 


FEATURE © Adjustment over a 
wide torque range © Compact- 
ness and lightweight 

Type ASC-1 is 7% x 1” 

Type ASC-2 Miniature is 54” x %” 
Both are constructed of aluminum 
hubs, Delrin’ on stainless steel clutch 
plates and stainless steel hardware. 
These rugged, high performance 
clutches are friction units to protect 
components against excessive or in- 
ertia shock loads. Range of bores to 
accept shafts from .120” to .250”. 
These clutches meet MIL-E-4970 
specs. 

For details on couplings or clutches 
write 


* 
@® duPont t.m, 
OF ACTON 


TECHNOLOGY INSTRUMENT CORP. 
OF ACTON 


533 Main Street 
Acton, Massachusetts 
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HAVE THESE TWO REFERENCE AIDS? 


Two of the most important books ever written for men concerned with produci- 
bility, offer practical techniques for designing for low-cost production. In effect, 
these two useable encyclopedias put production know-how into the hands of prod- 
uct development engineers. 


Plainly worded and clearly illustrated by one of the country’s outstanding au- 
thorities on production processes, this “shop approach” to product design can be 
YOUR guide to lower production costs. 


Inspect these books for yourself. Here are 924 pages of real dollar and cents, on- 
the-job help you can use for reducing production costs. Use the form below for a 
FREE 10-day trial. 


“PRODUCTION PROCESSES" 


THEIR INFLUENCE ON DESIGN VOLS. | & Il BY ROGER W. BOLZ 


Mass Production and Design 
Metal Removal 

Metal Forming 

Metal Working and Forging 
Metal Disposition 

Coating Materials 

Molding Methods 
Fabricating Methods 
Treating Methods 





See them FREE on 10 Days Trial.... naasmarsn 











THE PENTON PUBLISHING COMPANY, Book Department 
PENTON BUILDING, CLEVELAND 13, OHIO 


Send me both volumes of “Production Processes” 
by Roger W. Bolz 


(1) On 10 days trial for free examination. If the books meet 
with my approval | will pay $15 (plus tax, if any). 
Otherwise | will return the books in good condition, TITLE 


postpaid. 

CL Remittance enclosed* in which case the books will be COMPANY 
sent postpaid. 

C Bill me ADDRESS 


C) Bill my company 


NAME 














CITY 





*Please add 45¢ to cover State Sales Tax on orders for delivery in Ohio. 
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GEAR 
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Differential assemblies precision 
crafted by Specon for drives and trans- 
missions are available as gear boxes 
alone. These task-proven assemblies 
offer the built-in advantages of Specon 
units: extreme accuracy, low mainte- 
nance, rugged, space saving construc- 
tion. Seven basic models are rated 
from 1 hp. to 75 hp. Specials and units 





for higher power can be supplied. The 
Specon units are particularly well | 
suited for such applications as phase | 
and register control, speed control, 
torque dividing, overriding, cycling and 
balancing operations. 

For full information on Specon 
gear boxes, drives and transmissions, 
write to: 


STRATOS * 


A DIVISION OF FAIRCHILD ENGINE AND AIRPLANE CORPORATION 
industrial Products Branch 





Route 109, West Babylon, L. I., New York | 


Circle 312 on Page 19 
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NEW PARTS AND MATERIALS 





ting is assured through Nylok ad- 
justment lock for vibration resist- 
ance. Leak-tight sealing is accom- 
plished by flexible seal seat which 
resists damage by contamination 
and wire drawing, and will not 
blow out. Standard valve is steel, 
equipped «vith Teflon seals, and 
stocked in ten connection combina- 
tions of 14, 34%, and 14-in. dryseal 
pipe. All models are rated at 10 
gpm with relieving pressure settings 
to 2000 psi. Kepner Products Co., 
7361 W. 59th St., Summit, Ill. 

Circle 560 on Page 19 


Flexible Gear Coupling 


operates at speeds 
to 5000 rpm 


Mite coupling with an all-nylon 
sleeve weighs 2!/, oz and has an OD 
of 2% in. Over-all length of the 
unit is 234 in. Coupling operates at 
speeds to 5000 rpm and takes up to 
+3 deg misalignment. It requires 


no lubrication, and can run in both 
vertical and standard positions. 
Coupling is available in %-in. 
rough bore and eight finished-bore 
sizes from 0.500 to 1.125 in. Flex- 
ible Coupling Div., Sier-Bath Gear 
& Pump Co. Inc., 9254 Hudson 
Blvd., North Bergen, N. J. 

Circle 561 on Page 19 


Control Units 


are suitable for use with 
NEMA 7 or 9 pushbutton stations 


Pushbuttons, selector switches, and 
pilot lights of the explosionproof 
form are offered in a complete line 
for hazardous areas. Units are suit- 
able for use with NEMA 7 or 9 
pushbutton stations used where ex- 
plosive gases or combustible dust 
are prevalent and where flame 
propagation must be arrested. They 
consist of standard and mushroom- 


DEPENDABLE 
SWITCHING 





of contact loads 





3 
ee! 


ibe 





to 25 amps... 


“Diamond H” Series W Relays—The 
simple, functional construction of this 
high-quality general-purpose relay as- 
sures long-time dependable switching. 
For a broad range of applications, 
specifying “(Diamond H” Series W 
Relays makes good sense. Here are 
some reasons: 

Reliable— Mechanical life in excess of 
10,000,000 cycles. 

Versatile—a-c or d-c units available 
with choice of eight different com- 
binations. 

Compact— Measures 1% x1¥%x1% 
inches—weighs less than 10 oz. 

High Contact Rating—Conservatively 
rated up to 25 amps, 240 v a-c or 
28 v d-c. 

Easy to mount—Plug-in design. Panel 
or side mounts also available. 
Underwriters Laboratory Approval— 
U/L File 31481. 

Cost-saving—Low in initial cost, the 
Series W is easy to install, saves 
space, and is easy to service. 

Send for complete facts—in new 8- 
page Series W Relay Guide. 


<P 
“HAR 


MANUFACTURING COMPANY 





118 Bartholomew Avenue, Hartford 1, Conn. 
Phone JAckson 5-3491 
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head pushbuttons, two and three- 
position selector switches, and tor- 
pedo-type pilot lights. All units 
have silver-to-silver contact points 


| 
| 


and carry a heavy-duty rating. 
Gemco Electric Co., 25685 W. Eight 
Mile Rd., Detroit 40, Mich. 

Circle 562 on Page 19 


Flexible Adhesive 


bonds grill cloth to 
wood, plastic, or metal 


Ankgrip is a fast-drying, odorfree, 
completely flexible adhesive avail- 
able for bonding grill cloth to ply- 
wood, hardboard, plastic or metal 
speaker panels. Adhesive has a 
neutral translucent color and pro- 
vides excellent adhesion to syn- 
thetic, natural, and metallic fibers 
used in weaving grill cloth. Non- 
toxic and resistant to extremes of 
temperature, it provides a flexible 
bond that withstands vibration and 
remains flexible for the life of the 
instrument. Anchor Adhesives 
Corp., 36-23 164th St., Flushing 54, 
N. Y. 

Circle 563 on Page 19 


Solenoid Valves 


are automatic, packless, 
normally closed units 


Type Q and Q-1 solenoid valves, 
available in seven sizes from % to 
2 in., are fully automatic, two-way, 
packless, normally closed, piston- 
pilot-operated units with bronze 
bodies. Type Q is general purpose 
for air and water at pressures from 
5 to 400 psi, temperatures to 250 F, 
and steam at pressures to 15 psi 
over the same temperature range. 
Type Q-1 handles steam at pres- 
sures from 5 to 150 psi and temper- 
atures to 365F. J. D. Gould Co., 
4707 Massachusetts Ave., Indianap- 


olis 18, Ind. 
Circle 564 on Page 19 
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Auto maker saved ‘22 per thousand 
with Townsend Ultra-Special part 


This Ultra-Special part is made by the Townsend Ultra-Special 
cold-forming process for $22 less per thousand pieces than the 
former three-piece assembly made by another method. 

One of these automobile door latch rotors is used in each car 
door by a major manufacturer. Their annual savings—by using 
this part—is quite substantial. 

Cold forming adds strength to make a tougher part while 
holding dimensional tolerances. In developing these Ultra- 
Special parts, Townsend’s engineers combine such processes as 
cold-heading and impact extrusion—or, interim heat treatments 
and coatings. The result is an extended range of standard pro- 
duction equipment far beyond ordinary limitations. 

You benefit directly by using Townsend Ultra-Special parts 
in the assembly of your products. Your increase in profit poten- 
tial is a direct combat to competition. A Townsend engineer 
will be happy to discuss your production assembly. Write 
Townsend Company, P. O. Box 71-E, Ellwood City, Pa. 


Townsend Company 
a aA 


« e@ @ *¢@ 
Engineered Fasteners Division 
in Canada: Parmenter-Bulloch Manufacturing Co., Limited, Gananoque, Ontario 
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NOW AVAILABLE 

TWO HELPFUL BOOKLETS 
ON ELECTRIC MOTORS 
AND POWER SUPPLIES 


1. Electronic and Electric Power Supplies 


A symposium of six articles on the selection, specification 
and application of— 


@ Electronic Power Supplies 

@ AC and DC Electric Generators 

© Lightweight Electric Generators 

© Generator-Battery Systems 

@ Vibrator and Dynamotor Power Supplies 
© Dry Cells and Storage Batteries 


$1.00 a copy 


2. Special Report on Electric Motors 


Including a 10-page Directory of 140 motor and gearmotor 
manufacturers, classified according to the types of motors 
produced. 

A comprehensive review of the design advances in electric 
motors, with special articles written by authorities in the 


areas of fractional and integral horsepower motors. 


$1.00 a copy 


MACHINE OESIGH 
READER SERVICE 


Penton Building 
Cleveland 13, Ohio 


Remittance or Company Purchase 
Order must be enclosed with order 


Name 





Company 





Send me___copies of Power Supplies Address 


Send me___copies of Electric Motors 





City Zone State 


(Add 3% to orders in Ohio to cover State Sales Tax) 











ENGINEERING 
DEPARTMENT 


EQUIPMENT 


| Solid-State Strain Gages 


have high output 
and resolution 


Series DB solid-state strain gages 
include matched gages for a variety 


| of materials, gages for dynamic 


measurements which provide high 
output, small gages for limited space 


| requirements (0.1-in. gage length), 


| base drafting films. 


and gage factors from -—140 to 


+170. Gages are incorporated in a 


| highly flexible epoxy matrix, and are 


available in resistance ranges of 120 


| to 5000 ohms, Kulite-Bytrex Corp., 


50 Hunt St., Newton 58, Mass. 
Circle 565 on Page 19 


_ Pencils and Leads 


for use on 
drafting film 


Damascus Polyfilm drawing pencils 
and leads are available for use on 
Mylar, Estar, and Cronar polyester- 
Pencil is avail- 
able in five degrees of hardness, and 
features Try-Rex pencil shape. Leads 


| are also available in five degrees of 
| hardness. 
| Inc., Mountain Ave., Springfield, 
| oH. 7. 


Richard Best Pencil Co. 


Circle 566 on Page 19 


XY Recorders 


draw curves automatically 
from dc electrical information 


Two 11 x 17-in. Autograf X-Y re- 
corders are designated Models 2D-2 
and 2DR-2 (shown). The latter is 


MacuineE Desicn 





ENGINEERING DEPT. EQUIPMENT 





rack mounted; former is a cabinet | 
instrument which accommodates | 
continuous chart rolls in a variety | 
of transport methods. Models draw 

Cartesian co-ordinate curves auto- | 
matically from dc electrical informa- | 
tion, and also plot one variable | 
against time. They are compatible | 
with data-reduction equipment and | 
operate directly from a variety of ac- | 
cessories. Input voltage ranges are | 
calibrated in 16 steps from 0.5 mv | 
to 50 v per in, on each axis. Both | 
models feature built-in vacuum | 
paper hold-down and have pen | 
speeds of 20 ips for each axis. | 
F. L. Moseley Co., 409 N. Fair Oaks | 
Ave., Pasadena, Calif. 
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Cryogenic Sensors 


measure temperatures 
as low as — 269 C 


Two small cryogenic sensors are 
germanium semiconductors designed 
for application in test and opera- 
tional phases of space vehicles using | 
liquid helium and nitrogen, and for 
use in calibration and standards 
laboratories. Temperature range is 
4 to 40 K (—269 to —233 C). One 
unit (left) measures surface tem- | 
peratures; the other is a probe-type | 
sensor for internal applications. Both | 
are encapsulated and hermetically | 
sealed. Thermometer elements are | 
precision doped to provide high | 
thermometric sensitivity. Sensors | 
can be used with conventional milli- 


July 6, 1961 


« 
. 


What’s 
SO unusual about 
a laundry tub ? 


scant Oe, 
LALO sc an * 


This particular tub was molded of 
Fiberglas reinforced plastics using 
the new premix process pioneered 
by AICO. It has an unusually smooth 
finish, is exceptionally strong and is 
unusually low in costs. The new pre- 
mix process opens up many new 
opportunities to use rein- 

forced plastics. Why not 

see if you can’t capital- 

ize on it, too. 


AMERICAN INSULATOR 


New Freedom, Pa. 


Where tomorrow’s plastics are now being molded 
Circle 315 on Page 19 





Standard 
high speed coupling. 


standard: 20,000 rpm 


special: 70,000 rpm 


Waldron high speed gear couplings are made with special care to prevent 
‘vibration—the usual troublemaker at high speeds. All parts are machined 
and inspected to close tolerances. Every assembled coupling is dy- 
namically balanced on an arbor. Forged alloy steel gives them reliable 
strength, and they can be furnished grease-packed or continuously 
lubricated. Write for bulletin S-1500. 





Max. rpm Max. bore 
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WALDRON-HARTIG, Box 791, New Brunswick, N.J. /\ a = | 
a division of Midland-Ross Corporation wy 


WALDRON 


Makes it easy to pick the right 
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volt-type instruments. Primary Sen- 
sors Dept. C189, Minneapolis- 
Honeywell Regulator Co., Wayne & 
Windrim Avenues, Philadelphia 44, 
Pa. 

Circle 568 on Page 19 


Magnetic Tape Recorder 


miniature unit has speeds 
of 1.875, 3.75, 7.5, 15 ips 


Model CC-90 miniature, continu- 
ous-loop magnetic tape recorder re- 
cords and reproduces data on I to 14 
channels under severe environment- 
al and limited space conditions. 
Unit is available in tape speeds of 
1.875, 3.75, 7.5, and 15 ips, with 


up to 12-ft loop. Small, lightweight 
unit has a 3-in. diam and is 3 in. 
long, weighing less than | Ib. Four 
tapped holes are provided for 
mounting on the standard unit. 
Aero Data Corp., Div., American 
Concertone Inc., 9449 W. Jefferson 


Blvd., Culver City, Calif. 
Circle 569 on Page 19 


Pressure Transducers 


measure high or low 
pressures at 600 F 


Small, lightweight P732 pressure 
transducers, of stainless-steel con- 
struction, are temperature-compen- 
sated for continuous operation to 
600 F. Ambient temperature limits 
are —320 to +650F. Pressure 
ranges on the gage and unidirec- 
tional differential models are from 
0-2 through 0-5000 psi. Bidirec- 
tional differential model operates in 
ranges from +1 through +100 psi. 
Combined nonlineary and hysteresis 


_ are less than +0.75 in both high 
| and low-pressure ranges. Statham 


Instruments Inc., 12401 W. Olympic 


Blvd., Los Angeles 64, Calif. 


Circle 570 on Page 19 
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THE ENGINEER’S 


Recent Books 


Theory of Hydrodynamic Lubrication. 
By Oscar Pinkus; 465 pages, 6 by 9 in., 
clothbound; published by McGraw-Hill 
Book Co., 330 West 42nd St., New York 
36, N. Y.; available from Macuine Desicn; 
$15.00 per copy postpaid. 


This comprehensive treatment of 
hydrodynamic and hydrostatic lubri- 
cation emphasizes design problems 
and applications. Specific problems 
discussed include hydrodynamics of 
simple configurations, one-dimen- 
sional bearings, finite bearings, hy- 
drodynamic gas bearings, hydrostat- 
ic bearings, squeeze film and dy- 
namic loading, hydrodynamic insta- 
bility, and inertia and turbulence 
effects. A formulation of the differ- 
ential equations of lubrication is of- 
fered with techniques for solving 
these equations either analytically 
or by analogues and digital com- 
puters. 


Handbook of Mechanical Wear. Edited 
by Charles Lipson and L. V. Colwell; 
469 pages, 634 by 10 in. clothbound; 
published by The University of Michigan 
Press, 3564 Administration Bldg., Ann 
Arbor, Mich.; available from MacHINE 
Desicn, $20.00 postpaid. 


A collection of sixteen papers on 
wear of metal parts and products is 
presented in six parts: Fundamentals; 
pitting, scoring and spalling; corro- 
sion; abrasion; wear-resistance ma- 
terials; and manufacturing processes. 
Specific topics include sliding char- 
acteristics of metals at high tempera- 
tures, subsurface fatigue, resistance 
of materials to rolling loads, galvanic 
corrosion, pitting of gear teeth, cor- 
rosion at high temperatures, and 
wear resistance of cast-iron com- 
ponents. 


Cybernetics Without Mathematics. By 
Henryk Greniewski; 201 pages, 5% by 
814 in., clothbound; published by Per- 
gamon Press Inc., 122 East 55th St., New 
York 22, N. Y.; available from MacHIne 
Desicn; $6.00 per copy postpaid. 


The foundations of cybernetics 
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SLIDE SWITCHES 


CAN DO FOR YOUR PRODUCTS 


ADD COLOR—Trigger knobs in 10 attractive 
colors add decorative and functional touches 
to switching operations. 


CUT costs—Low in initial cost, Stackpole Slide 
Switches often reduce costs up to 50% over 
other type switches. 


SAVE SPACE—Stackpole Slide Switches take less 
panel area, often less depth than conven- 
tional switches. 


SIMPLIFY PRODUCTION—Choice of solder lug or 
printed wiring terminals, clearance or 
tapped-extrusion mounting holes. 


HANDLE HIGHER LOADS—0.5- to 1-amp types for 
electronic equipment. 1-, 3-, and 6-amp 
types for appliances and power tools. 


SWITCH COMPLEX CIRCUITS—1- to 3-poles, 2- to 
4-positions for real switching versatility. 


FACILITATE OPERATION — Trend-setting slide 
action available with or without detents and 
spring returns. Plunger-operated and match- 
ing pushbutton styles also available. 


Write for Slide Switch Bulletin 


STACKPOLE 


ELECTRONIC COMPONENTS DIVISION 
STACKPOLE CARBON COMPANY, St. Marys, Pennsylvania 
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HYDRAULIC 
SERVE 
FUNDAMENTALS 


by J. M. Nightingale 





VOL. 1 


Covers both the theoretical and practical 
aspects of servo system design applicable 
to control systems in general—hydraulic, 
pneumatic or combined systems. 


$1.00 per copy 


VOL. 2 


Study of the basic servo system compo- 
nents and practical methods for analyzing 
typical servo systems. 


$1.00 per copy 


VOL. 3 


A detailed approach to methods of im- 
proving servo system performance, quanti- 
tative design of servo systems and tran- 
sient response of servo systems. 


$1.00 per copy 


MACHINE DESIGN 


Reader Service 
Penton Building 
Cleveland 13, Ohio 


Send me________copies of Vol. | @ $1.00 per copy 
Send me________copies of Vol. 11 @ $1.00 per copy 
Send me________copies of Vol. Il1 @ $1.00 per copy 


Remittance or Com Purchase 
Order must be enclosed with order 


NAME 





COMPANY 





ADDRESS 





CITY ZONE STATE 
(Add 3% to orders in Ohio to cover State Sales Tax) 





ENGINEER'S LIBRARY 





are outlined from a_ presentation 
made at the First International Cy- 
bernetical Congress at Namur in 
1956. The basic concept is that of 
a relatively isolated system; topics 
covered include stimulus and reac- 
tion, prospective reliable systems, 
reaction time, determinators and 
paradeterminators, duality, nega- 
tive feedback, positive feedback, 
and inputs, outputs and through- 
puts. Separate chapters are devoted 
to signals and expressions, codes 
and languages, logical models, and 
economic models. 


The Impact of the Professional Engi- 
neering Union. By Richard E. Walton; 
419 pages, 51% by 8 in., clothbound; pub- 
lished by Division of Research, Graduate 
School of Business Administration, Har- 
vard University, Boston, Mass.; available 
from Macuine Desicn, $5.00 postpaid. 


This book reports on research into 
the experiences of 11 companies 
where professional engineers and 
scientists have organized certified 
bargaining units. The impact of 
the union on work assignments, 
management organization, and em- 
ployee relations is discussed. 


Government Publications 


OTS Technical Reports. Copies of re- 
ports listed below are available from Office 
of Technical Services, U. S. Dept. of 
Commerce, Washington 25, D. C. 


TN D-796. Residual Static Strength of Alu- 
minum-Alloy Box Beams. By Herbert A. Ley- 
bold; 25 pages, 8 by 10% in., paperbound, 
stapled; $0.75 per copy. 

Static tests were performed on 31 box beams 
containing fatigue cracks to determine residual 
static strengths. Beams were constructed of 
7075 and 2024 aluminum alloy in several de- 
signs and employed stringers either bonded, 
riveted or an integral part of the skin. For 
the integrally stiffened beams, crack propaga- 
tion and failure were simultaneous. 

PB 161556. Investigation of Bearing Creep of 
Two Forged Aluminum Ailoys. By Leonard 
Mordfin, Nixon Halsey, and Philip J. Granum; 
32 pages, 8 by 10% in., paperbound, stapled; 
$1.00 per copy. 

A limited test program was undertaken to 
obtain data on bearing creep deformation for 
7075-T6 and 2014-T6 forged aluminum alloys. 
Objective was to examine feasibility of cal- 
culating creep deformations in large bolted 
joints expected to fail in bearing. 

TN D-882. Stress Concentrations in Fila- 
mentary Structures. By John M. Hedgepeth, 
Langley Research Center; 30 pages, 7% by 
10% in., paperbound, stapled; $0.75 per copy. 

Theoretical analysis is made of stress dis- 
tributions in a sheet of parallel filaments. 
Uniform loading at infinity is assumed and 
small-deflection elasticity theory is used. 
Particular attention is given to dynamic over- 
shoot when filaments are suddenly broken. 
TR R-103. Theoretical Elastic Stress Distribu- 
tions in Several Shell-Type Structures. By 
Robert H. Johns and Thomas W. Orange, 
Lewis Research Center; 63 pages, 7% by 10% 
in., paperbound, stapled. 

eformation and stress distribution are de- 
termined for three edge-loaded thin shells: 
Right circular cylinder, frustum of right cylin- 
der cone, and portion of a sphere. Locations 
of maximum circumferential and meridional 
stresses are included. 
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REPRINTS 


Complete reprints of major article 
series and collections of articles, and 
extra copies of Macuine Desicn 
Books, are available from: Reader 
Service, MacHINE Desicn, Penton 
Bldg., Cleveland 13, Ohio. Remit- 
tance or company purchase order 
must be enclosed with your order. 
Add 3 per cent to orders in Ohio to 
cover State Sales Tax. 


The Bearings Book, 1961 Edition (256 
pp.) $2 
™ Seals Book, 1961 Edition (240 pp.) 


The Fasteners Book, 1960 Edition (236 
pp.) $2 

Preventing Fatigue Failures, by F. B. Stu- 
len, H. N. Cummings, W. C. Schulte, 
1961 (32 pp.) $1 (available Aug. 1) 

Simplified Vibration Analysis by Mobility 
and Impedance Methods, by R. P. Thorn 
& A. H. Church, 1959-1960 (80 pp.) $2 

Inside the Engineer, y? Eugene Raudsepp, 
1958-1960 (52 pp.) $ 

Mobility of Fah ng Aad Vehicles, ha 
M. G. Bekker, 1959-1960 (32 pp.) $1 

yoo Approach to Hydraulic Lines, 
by Jaroslav J. Taborek, 1959 (36 pp.) $1 

Planning New Products, by Philip Marvin, 
1953-1958 (102 pp.) $3 

Friction-Clutch Transmissions, by Z. J. 
Zania, 1958 (30 pp.) $1 

Design Guide—Flexible Couplings, by Leo 
F, Spector, 1958 (128 pp.) $1 

Special Report on Electric Motors, Staff 
Report, 1958 (42 pp.) $1 

Electronic and Electric age Supplies, 
(Symposium) 1958 (40 pp.) $ 

Human-Factors Engineering, by LD . Van- 
denburg and C. T. Goldsmith, 1958 (32 


pp.) $1 

nipdianie of Vehicles, by Jaroslav J. Ta- 
borek, 1957 (94 pp.) $2 

Design for Fatigue Loading, by Joseph 
Marin, 1957 (34 pp.) $1 

Hydraulic Servo Fundamentals, by J. M. 
Nightingale. 
Volume 1: May-Nov., 1956 (32 pp.) $1 
Volume 2: Nov., 1956—Mar., 1957 (30 


pp.) $1 
a 3: May, 1957—Feb., 1958 (44 


p-) $ 
Adjustable-Speed Drives (Electrical-Me- 
chanical-Hydraulic), Staff Report, 1954- 
1955 (146 pp.) $2 
MACHINE DESIGN Data Sheets 
1960 (130 pp.) $2 
1959 (136 pp.) $2 
1958 (132 pp.) $2 
1957 (102 pp.) $2 
1956 (114 pp.) $2 
Transactions of the Mechanisms Confer- 
ences 
Sixth Conference, 1960 (152 pp.) $2 
Fifth Conference, 1958 (240 pp.) $3 
Fourth Conference, 1957 (104 pp.) $2 
Third Conference, 1956 (40 pp.) $1 
Second Conference, 1954 (50 pp.) $1 
First Conference, 1953 (48 pp.) $1 
Tips and Techniques 
Vol. 1—Drafting Aids, 1956-1957 (32 


pp.) $1 : 
Vol. 2—Engineering Aids, 1956-1958 (30 
pp.) $1 
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Investment 
Castings — 


With PC working for you, size is no jonger a barrier to investment casting 
in production quantities, whether the part weighs 75 Ibs. (shown above) 
or decimal ounces (below) or involves melts up to 300 lbs. using air, inert 
atmosphere, or vacuum techniques. 


Advanced methods, skilled personnel, and the most modern investment 
casting facilities bring PC customers from East, West, North and South. 


PC's complete and integrated services include: CONSULTATION 
DESIGN + TOOLING + PRODUCTION + HEAT TREATING 
NON-DESTRUCTIVE & METALLURGICAL TESTING « MACHINING 


| Represented nationally by: 


District Sales Corp., ANgelus 3-2149 
Los Angeles 22, California 


ESCO, DUdley 8-5901 
Denver 7, Colorado 


ESCO, Hickory 6-2210 
Danville, Mlinois 


ESCO, ORegon 9-3240 
New York 17, New York 


John Lobb, MOhawk 4-0740 
Bellaire 101, Texas 


PRECISION 
CASTPARTS 
-aaged tains TION 
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A series of 
unique articles 


outlining 


the steps in... ! 


% 


This 102 page volume 


includes practical data on: 


Measuring company needs 
in new-product development 


Developing and finding new-product ideas 


Evaluating new-product potentials 


Organizing engineering and research for product development 


Measuring progress in product performance 


Reader Service, Penton Building, Cleveland 13, Ohio 
(Remittance or Company Purchase Order must be enclosed with order.) 


Send me__copies of 


Planning New Products @ $3.00 each 


NAME 





COMPANY 








ADDRESS 


city ZONE STATE 








(Add 3% to orders for delivery in Ohio to cover State Sales Tax.) 


This collection of 17 helpful articles details 
the necessary steps to the development 
and engineering of new products. Written 
by Dr. Philip Marvin, well-known man- 
agement authority, this book is “required 
reading” for every engineer responsible 
for the development of new product ideas 
or the operation of a research program. 


A 


REPRINT 


4—MAIL TODAY 
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Signal Converter 


Periodic electrical signals are converted into pneu- 
matic equivalents by a signal translating system. Servo 
motor transmits input signals to a gear and magnetic- 
clutch assembly. Rotational movement of a bull gear 
actuates a sector gear to control output pressure of a 


Ser vo- motor 


Magnetic clutch 


Zeroing motor" 


Pin / u 
Positioning screw 


pneumatic regulator. A pin within the clutch assembly 
is selectively positioned inward or outward for cumula- 
tive or individual signal rotation as required. The 
gears are reset by a zeroing motor according to a pre- 
determined program sequence. Patent 2,982,292 as- 
signed to Union Carbide Corp., New York, by Sterling 
T. Martin. 





om Bull gear 


Sector gear 


Wear-Compensated Pump 


Wear between the external gear and pump housing 
in an internal-external gear pump is automatically 
compensated by vanes to minimize pressure loss. The 
internal gear, mounted to a stub shaft, is eccentri- 


Equalizer 
passage 


= A External geor 
y} SW, BN Internal gear 


a9 eu, Borrier 


Vanes 








cally positioned to mesh with the external gear which 
is keyed to the drive shaft. Vanes housed within 
each gear tooth of the external gear are forced out- 
ward against the housing wall by centrifugal force. 
To prevent partial vacuum within the vane slots, 
pressure-equalizing passages are provided through each 
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ALL-STATIC LIMIT SWITCHES 





CONTROL MAGNETIC MATERIALS 
WITHIN *.001 INCH 


Here’s a new line of proximity 
limit switches which enable you 
to control magnetic materials 
movement within thousandths 
of inches in many applications. 
So sensitive that it is actuated 
by parts as small as 4” cubes, 
yet remains equally sensitive, 
with pieces hundreds of times 
as large. 


OPERATING PARAMETERS: 
Two operating distances: Ad- 
justable 4%" - 4%"; \%" - 2”. 5-20 
operations per second. Response 
time, 25 milliseconds. Sensi- 
tivity to turn off: 20% at maxi- 
mum trip distance; 5% at min- 
imum trip distance. Control 
element output: 8 w, 24 v d-c 
at 335 ma, 60 cps. 

Reliable - Rugged - Corrosion 
Resistant - Can’t wear out. 

Not affected by oil mist, iron 
filings, sand, dust, dirt or water. 
Has passed Navy shock and vi- 
bration tests (MIL-S-901B) and 
(MIL-STD-167). 


You can be sure... 


Control Element 
# 3170064601 


Consider the many places 
these sensitive, reliable switches 
can be used in your laboratory 
or production installations. They 
are simple to install, easy to 
apply. They include only three 
parts: the sensing head located 
where the magnetic pieces will 
actuate the element when 
brought within the predeter- 
mined trip distance; the control 
element (can be located any- 
where) which picks up the signal 
from the head to actuate relays, 
solenoids or other static com- 
ponents; the 115v, 60c supply 
line and head-to-element lead. 

Normally each sensing head 
requires its own control element, 
although up to six heads can be 
used on a single element in 
special applications. 

For specific or test applica- 
tions, send your order or request 
for further technical informa- 
tion direct to General Purpose 
Control Dept., P.O. Box 2025, 
Buffalo 5, N.Y. 


if it’s Westinghouse. 


Industrial Head 


4" 


Heavy Duty Head 
yy” -\" trip 
# 614C002G01 


Heavy Duty Head 
yy” - 2” trip 
# 614C003G01 


-Y%” trip 
# 316C806G01 


Industrial Head 
Ye” - 2” trip 
# 3170259601 


Westinghouse 


Westinghouse Electric Corporation 


General Purpose Control Dept., 


P.O. Box 2025, Buffalo 5, N.Y. 


C) Please send technical information 
Please send the following units: [] 317C064G01 [] 3160806G01 


0) 317C€259G01 [) 614C002G01 


Name 


0 614C003G01. 





Company. 





Address 





City 
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SYNFLEX 
Presswre “ese 


ICOF px rating precisior 


on inner tube. nc nmetallic reintc 


1, abrasion-resistant extruded cover ectrical non-conductor 


@ Synflex Pressure Hose is a new concept in 
high. pressure hose for multi-purpose applications 
Combines strength with light weight... no metal.to 
fatigue... low cost. Use with water, fuels, oils, gases, 
solvents, refrigerants, conventional and non-flammable 
hydraulic fluids. Available with reusable couplings in 
a range of sizes from %o thru % ID and larger 


Specify SYNFLEX 
mtchsjilem able) i ars 


Vel CLEAR VINYL 


SYNFLEX 


h Fe lealel Mi lelela a Ore) 
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NOTEWORTHY PAYENTS 





tooth to the pumping chamber. Patent 2,983,228 as- 
signed to Viking Pump Co., Cedar Falls, Iowa, by 
Anthony A. Wagner. 


Double Pinch Valve 


Measured volume of liquid is repeatedly supplied 
by the synchronous action of a double-pinch valve and 
reciprocating pump (not shown). Opening and clos- 
ing of each flexible tube in the valve is controlled 
by a slide bar (actuated through the pump crankshaft) 








and double-block assembly. Thus, with each intake 
and discharge cycle of the pump, the V-shaped valve 
blocks alternately pinch the intake and discharge tubes. 
At no time during the pumping cycle are both tubes 
simultaneously open. Therefore, the pump can be 
stopped in any position without leakage through the 
valve. Patent 2,985,192 assigned to American Cyana- 
mid Co., New York, N. Y., by Arthur Sinclair Taylor. 


Temperature-Compensated Liquid-Spring 


A liquid spring is temperature compensated by a 
cylindrical insert of constant volume, such as Pyrex 
glass or quartz. Compensation is achieved by propor- 
tioning the relative volumes of chamber, compressible 


Silicone fluid 





a compensator 


liquid, and compensator insert according to their co- 
efficients of expansion. For example, if the liquid co- 
efficient of expansion is ten times that of the cham- 
ber, filling 90 per cent of the chamber with the Pyrex 
insert results in equal volumetric change. Effective 
chamber volume is total chamber volume minus com- 


Macuine Desicn 





pensator volume and varies with temperature at sub- 
stantially the same rate as the liquid. Patent 2,982,537 
assigned to Houdaille Industries Inc., Buffalo, N. Y., 
by Rollin Douglas Rumsey. 


Pressure-Signal Amplifier 


A simplificd pressure-signal amplifier uses three ori- 
fices in series. Continuous pressure is fed into a pas- 
sageway containing the orifices. A single diaphragm 
is actuated by the pressure between the last two 


Adjustable needle valve Orifice A, 


cg —= Exhaust 


Input pressur |_— Chamber 
ignal P 
—s Valve 

| 4—— Supply 
pressure 





Diaphragm 








{ Hy r 
Orifice A, \ Orifice Ao 
Amplified pressure signal P, 


orifices on one side and the input pressure signal on 
the other side. Diaphragm movement positions a valve 
to adjust the area of the first orifice and the result- 
ant amplified pressure signal is obtained between the 
first two orifices. Upon any change in pressure sig- 
nal, valve position will change to maintain a pres- 
sure balance on the diaphragm. Amplification ratio 


With Eastman 910 Adhesive... 
Strong neoprene-to-aluminum bonds in 2 minutes 


NOTEWORTHY PATENTS 





is altered by varying the orifice areas. Patent 2,982,293 
assigned to The Marquardt Corp., Van Nuys, Calif., 
by Howard C. Dillon. 


Vapor Seal 


A shaft seal prevents escape of hazardous vapors 
during either stable rotation or eccentric gyration of 
a spindle. Seal consists of inner and outer containers 


adapted to hold a body of liquid. With spindle ro- 


Liquid levels (non- operating 
ition) 


Inner container Cc. 5 | 
wall 4) 


Gas chamber 


Liquid wall 
(operating condition) 


tation, liquid is forced outward by centrifugal force 
forming a vertical parabolic-shaped wall as indicated 
by the broken lines. When the spindle is at rest, 
vapor pressure displaces the liquid downward in the 
outer container and upward in the inner container 
forming a column between the inner container wall 
and spindle. Thus, sealing action is maintained under 


There is no 


Take two aluminum tubes, one 


smaller than the other. Put one in- 
side the other. At one end only, bond 
a neoprene ring between the two 
tubes. Got it? How long did it take 
you? Ames Rubber Company, of 
Hamburg, New Jersey, does it in two 
minutes when assembling the Red- 
field Gunsight Company’s “Bear Cub 


Scope,” a precision telescopic rifle 
sight. Ames uses Eastman 910 Ad- 
hesive. Over 25,000 units have been 
produced with no reports of bond 
failure. 

Eastman 910 Adhesive will form 
bonds with almost any kind of ma- 
terial... fast, too. 

Skeptical? Then send $5 for a trial 
kit and try it on your toughest job. 
Kits and further information are 
available from Armstrong Cork Com- 
pany, Industrial Adhesives Division, 
9107 Dean Street, Lancaster, Pa., or 
Eastman Chemical Products, Inc., 
Dept. M-7, Kingsport, Tennessee. 


Here are the types of bonds that can be made with Eastman 910 Adhesive 


Among the stronger: Natural rubber, SBR, Buna N, most types of neoprene, steel, 
aluminum, brass, copper, most woods, vinyls, phenolics, cellulosics, polyesters, poly- 
urethanes, and nylon. Among the weaker: polystyrene, polyethylene and fluoro-hydro- 
carbon plastics (sheer strengths up to 150 lbs./in.*). 
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adhesive 
like 
Eastman 
910 
Adhesive 


Sets fast—Makes firm bonds in seconds to 
minutes. 

Versatile—Joins virtually any combination of 
materials. 

High strength—Up to 5,000 Ibs. /in.2 depending 
on the materiais being bonded . 

Ready to use—No catalyst or mixing necessary. 
Cures at room temperature—No heat required 
to initiate or accelerate setting. 

Contact pressure sufficient. 

Low shrinkage—Virtually no shrinkage on set- 
ting as neither solvent nor heat is used. 

Goes far—One-pound package contains about 
14,000 one-drop applications. 

The use of Eastman 910 Adhesive is not sug- 
gested at temperatures above 175°F., or in the 
— of extreme moisture for prolonged 
periods. 


See Sweet's 1961 Product Design File 10d/Ea. 
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GRIPCO TOPLOCK NUT 


ne) 


You get these 
“extras” when 


you specify 
GRIPCO" 


with 


CO CLINCH NUT 
r t > 


GRIPCO PILOT-PROJECTION 
WELD NUT 


With or without 


FASTENERS— 


¢ 
rd —40 sales representatives all 
over the country for prompt, fast service. 


2) {] 


— Quality controlled by the 
oldest established lock nut manufacturer 


in the U.S. 


—— Large inventories to ensure out 
of stock delivery on all catalogued items. 


Speed production and lower costs 
on your products with this Grip 
Nut family of Gripco FASTENERS. 
Qualified fastener engineers are 
available for consultation on all 
your assembly problems. Consult 
the yellow pages in your phone 
book under “Grirco”’ for the one 
nearest you. 


Other Gripes Products: 


® Brass Toplock or Centerlock nuts. 

® Miniature weld and clinch nuts, with 
or without lock. 

® Toplock and Centerlock Hi Nuts. 

® Standard Semi-finish full and jam nuts. 

® Stainless Steel lock, weld and semi- 
finish nuts. 

® Cold formed special nuts or parts to 
print. 


Send for samples and NEW CATALOG today 


GRIPCO CENTERLOCK NUT 
Locking feature in the 
center for fast feeding 
Can be applied from either 
end 


ate, 


GRIPCO COUNTERSUNK 
WELD NUT 
With or without self- 
locking threads. Counter- 
sink protects threads from 
weld spatter 


GRIP-NUT COMPANY 





SOUTH WHITLEY, INDIANA 


103 MAPLE AVE. 
Phone: South Whitley 723-5111 


206 


Subsidiary of Heli-Coil Corporation, 
Danbury, Conn. 
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NOTEWORTHY PATENTS 





all conditions of operation. Patent 2,982,417 assigned 
to The Western States Machine Co., Hamilton, Ohio, 
by Harold Durrell. 


Composite Bearing 


A composite bearing assembly, composed of a journal 
bearing housed within an antifriction bearing, provides 
automatic selective operation according to shaft speed. 
Upon initial rotation of the shaft and at low speeds, the 


Anti-friction bearing 

















cota 


antifriction bearing is employed. Then, as the shaft 
speed increases, the journal bearing is made operative. 
Selective operation is accomplished through a fluid pres- 
sure operated clutch. Patent 2,986,430 assigned to 
Aerojet-General Corp., Azusa, Calif., by Gordon 
Banerian. 


Rotating Valve Seat 


Distributed wear is provided in a gate valve by 
incremental rotation of a seat element. Rotation is 
imparted by valve movement with each opening and 
closing cycle. On opening, a dog mounted on the gate 


Nave plate 





Dog~ \Gate valve 


pivots to engage a tooth of the seat element causing 
it to rotate a predetermined amount. Movement of 
the valve to the closed position disengages the dog for 
the next rotation. Patent 2,977,976 assigned to Cameron 
Iron Works Inc., Houston, Texas, by Herbert Allen. 


Inducer for centrifugal pump increases pressure of in- 
coming fluid to the pump impeller by creating a 
swirling vortex pressure pattern. This pattern permits 
higher suction speeds to be attained before incipient 
cavitation occurs.in the impeller suction eye and pump 
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THE AMPLEXOLOGI STF 


dreams up a gear train 


The Amplexologist designed this gear train 
(plus ten other parts) especially for powder 
metal production—at the request of a 
manufacturer who called him in at the 
design stage. All (except the helical gear) 
are finished precision parts which require 
only shaving. Estimated savings; 86%. 
Sound interesting? Call the Amplexologist. 


AMPLEX 


DIVISION 


SEND FOR THE SECRET q ENGINEERING MANUAL 2 NEW BEARING STOCK LIST 
45 pages of technical information: How 20 pages. 1066 standard sizes of Oilite self- 


OF THE to determine correct applications for lubricating bearings— bearing material. 
AMPLEXOLOGIST’S SUCCESS powder metal parts, bearings, filters, Selection guide, engineering data. 
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| trol ® € = If you break your arm 
NEW! Pneu-trol” ay "nS F te9.0 DOCTOR 


QUICK EXHAUST VALVE 


Fast air dumping AT THE CYLIN- ~—e BUT...if you need a 
DER permits use of smoller valves ' 


and piping . . . INCREASES bs 
EFFICIENCY AND ty Gperemes Prectores 


1 to 125 PSI 


ee Co Your SPECIALIST is 


vn pie 2 AR @ Offers Complete Line of 


vemuane i Brush Holders and Caps 
CYLINDER : / @ For All Types of Motors 
and Generators 

















fe ean control valve is opened air 

ure seals exhaust port and . - 
diaphragm is deflected permitting vary @ A Competent Engineering 
air to pass thru the cylinder port Department To Assist in 


(Fig. 1). When inlet pressure is omay z 
relieved (by actuating valve in cams Brush Holder Requirements 


control circuit) the buildup of + 
@ 25 Years of Experience 











cylinder return pressure closes TYPICAL APPLICATIONS of 
inlet port (Fig. 2) snapping the = quick Exhaust Valves in Sin- 


diaphragm off the exhaust port le and Double Acting Cylin- ; ; , 
allowing instantaneous evacua- = Beca’'se exhaust ro is C a2 Write for complete information 
tion of exhaust air. Write for dumped at cylinder, smaller See” contained in our new easy to use 


deta diameter piping and smaller 
posuere nc neeety ocngy selector valves can be used Phoenix Catalog, No. 61-7MD 


PHOENIX ELECTRIC MANUFACTURING CO. 
3625 N. HALSTED ST. © CHICAGO 13, ILL. 
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ALL Your Needs 
in 

Laminated Plastic 
Tubes 


An henete of 


Synthane You-shaped Versatility 


At Synthane we have the versatility to give 
you just about everything you want in lami- 
nated plastic tubing or parts. Over 25 stand- 
ard grades including those complying with 
governmental specifications. Sizes 34’’ ID up 
to 2614” OD. Lengths 18” to 96”’. Wide range 
of wall thicknesses. Selection of colors and 
finishes. Molded and rolled tubing. Variety of 
cross sections—round, oval, square, polyg- 
onal, etc. Our excellent fabrication facilities 
provide you with finished parts to your 
specifications. 

You-shaped Versatility makes Synthane a Better Buy in Laminates 


[SYNTHANE) 


CORPORATION 








Synthane Corporation, 5 River Rd., Oaks, Pa. 

Gentlemen: 

Please send me information about Synthane as a source for 
laminated plastic tubes and parts fabricated from tubes. 


Name 





Address. 
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NOTEWORTHY PATENTS 





inlet passage. Inducer comprises a cylindrical member 
connected at the suction side of the impeller and pro- 
vided with helical vanes formed along the wall of the 
bore. Patent 2,984,189 assigned to Worthington Corp., 


| Harrison, N. J., by Walter K. Jekat. 


Stacked-Dise Spring 


Discs of metal and rubber, alternately stacked within 
a housing, form a variable-gradient compression spring. 


| Preferably, alternate rubber layers of increased di- 


ameter expand to the housing wall under applied 


| load. The moment the housing wall is touched, spring 





Za VM LL 

















YY fff MIS / IA 
YY SSCA EA SLL, r+ 


| gradient is increased. Thus, under further increase in 


load, the rate of spring travel is decreased. In addi- 
tion, high energy absorption is achieved by frictional 
movement between the rubber discs and intermediate 
metal layers. Patent 2,982,536 assigned to Mobay 


| Chemical Co., Pittsburgh, Pa., by Heinrich Kordes. 


Telescoping Slip Joint 


A drive shaft, telescopically joined to a suspension 
axle by a splined roller joint, works freely under high- 
torque load. Three tapered lugs extending from the 
shaft are fitted into recesses provided in the axle. Sur- 
rounding each lug is a train of steel rollers. These 


Wiper seal, aayre poe axle Roller _ 


rollers are held and guided by a retainer fitted with 
deflector fingers to facilitate rotation around the lug. 
Tapered configuration of the shaft lugs minimizes 
loading of the rollers under clockwise or counterclock- 
wise rotation. Patent 2,983,120 assigned to General 
Motors Corp., Detroit, Mich., by Robert L. White. 
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| 


New! Cutler-Hammer Size 
00 A-C Magnetic Starter... 
20% smaller...18% less cost 


Now save space and money with the all new Cutler- 
Hammer Ac-Magnetic Starter. The new Size 00 fits 
about 40% of the applications where the Size 0 is 
now used. You still get the famous Three Star line 
quality—same high reliability—famous vertical, 
dust-free silver contacts. Max. hp ratings: 3 phase: 
208/220V., 114 h.p. 440/550V., 2 h.p. Single phase: 
115V., 4% h.p. 230V 1 h.p. Get it open or in NEMA 
1 enclosure. Send for Pub. LO-40-N243. 


WHAT'S NEW? ASK. 


CUTLER-HAMMER 


Cutler-Hammer, Inc., Milwaukee, Wisconsin « Division: aha Instru- 
ments Laboratory + Subsidiary: Cutler-Hammer International, * Asso- 
ciates: Canadian Cutier-Hammer, Ltd.; Cutler-Hammer, Godson, S. A. 
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SAVE TIME 
SAVE DOLLARS 
SOLVE PROBLEMS 


Write today for 


STAR'S | ~ 
STAINLESS: 





LONG LIST OF STOCK GEAR DIES | 


OFFERS YOU BIG SAVINGS! 


ACCURATE STAMPED GEARS 
by WINZELER are BIG savers SEND FOR... RIGHT OFrF-iHE-SHELF® ... 
ree nce ae wing eo New list of WINZELER- @ More than 30 different sizes 
oe éoh Fu a made stock Gear Dies. and von including peng une 
at savings up 10 60%! Further ‘Rit Yor on compan smo ar ye aes bt 
a BIG range of stock ies. Mod. rencenneeate: «canton longi types, rn — 
ern new plant, methods, and @ Wide range of variations for 
equipment now reatly increase Write, wire, a nee eae 
production speed, efficiency and s HELP YOURSELF from Star's 


economy! Send blue prints. Tell | a | Phone for your Fe new catalog of stainless steel 
us about your needs today. No a = WINZELER | copy RIGHT NOW ss hinges and other stainless 
6/ 


obligation. steel fastenings. 


WINZELER MANUFACTURING ‘i TOOL 0 BD cotosio : 488 Uerelephons: ‘cLiferd 62300 


7355 W. WILSON AVENUE © CHICAGO 31, ILLINOIS RESISTANT Direct New York phone: Wisconsin 7-6310 
: Direct Philadelphia phone: WAlnut 5-3660 
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designs by 
CORBIN 


FOR A LIFETIME OF 
FAULTLESS PERFORMANCE 


TRIPLELOX 
No. 2540 % 


CHOICE OF 1, 2 or 3 POINT 
LOCKING WITH OR WITHOUT PIN | 
TUMBLER LOCKING MECHANISM | 


' Lever Handle and/or Knob 
cast bronze, polished. 
Top and bottom bolts are 
cam operated by a 4 turn of 
the handle or knob except 
when theyarelocked by key. 
Variety of cams available. 


Can be masterkeyed in sets 
with other locks. 


TRIPLELOX 
No. 2510 


Specialists in 
Deep Hole Drilling 


— the kind your own shop shies away from and 
on which you can’t afford the excessive costs, 
long tooling delays and scrap that goes with 
trial and error methods. 


How tough can drilling be! 3 stainless steel 62” dia. 
forged rings, 22” long. 288 evenly spaced slots drilled 
and broached the length of the exterior wall of each 
ring as a separate project. When rings were assem- 
bled and bolted together, holes lined up perfectly. 


We have 32 deep hole machines specially engineered to 
produce holes as small as.094” in depths up to 200 times 
diameter. Can hold close tolerances practically free of 
run-out. Also contouring and secondary operations. 


Drilled heat exchangers a specialty. Cleared for secret 
government work. WRITE FOR BROCHURE “HOLES”, 


TH CENTURY UTICA, MICH. 
MACHINE CO. PHONE JE. 9-0660 
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ONE POINT LOCKING WITH OR WITHOUT 
PIN TUMBLER LOCKING MECHANISM 


Knob and Rose cast bronze, 
polished. 

Latch bolt operated by a 
turn of knob except when 
locked by key. 

Can be masterkeyed in sets 
with other locks. 


No. 2525% 





CONTROL LOCK WITH 
INDICATOR. PIN TUMBLER 
LOCKING MECHANISM 


e Handle can be furnished 


in from 1 to 6 positions to 
No. 2709 «dy " 


Handle and Rose are cast 
bronze, polished. 


Can be masterkeyed in sets 
with other locks. 


These and many other items complete the extensive CCL Line. 
Design and Engineering Service available on request 








CORBIN CABINET LOCK DIVISION 


THE AMERICAN HARDWARE CORPORATION 
NEW BRITAIN, CONNECTICUT 
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ee, 
.EXPLOSION 
PROOF 


Solenoid Valve 


@ Now... You can get Versa Valves with Explosion Proof 
Solenoid actuation. This new actuator is available on any 
series “V" and “‘T” Valves in sizes from ¥%” NPT to 42” 
NPT in 2-, 3-, 4- and 5-way types, in side port models or 
sub-plate models for manifold mounting, and for pres- 
sures from partial vacuum to 500 PSIG. @ These superior 
valves are completely enclosed units, having no external 
moving parts and they are virtually trouble free. @ All 
Versa Valves are triple pressure and functionally tested 
under water for guaranteed leakproofness. @ For com- 
plete information write today for Bulletin #660. 


VERSA PRODUCTS COMPANY, INC. 
150M COOLIDGE AVE., ENGLEWOOD, NEW JERSEY 
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ROD END INTERNAL 
THREAD TYPE 
“DREF” SERIES 


Self-Aligning 


ROD END EXTERNAL 
THREAD TYPE 
“DREM” SERIES 


. Self-Lubricating 
SPHERICAL BEARINGS 


. : 
Combine Monoball: Engineering Advantages with Life-Time Lubrication 


Design engineers in many industries are specifying new “DYFLON’® SELF-ALIGNING and SELF-LUBRICATING SPHERICAL BEARINGS 


for these 5 major reasons: 
1. LOWER COEFFICIENT OF FRICTION 
.. ideal where lubrication is impossible or undesirable. 
2. WITHSTAND EXTREME VIBRATION 
.. perfect performance under shock load conditions. 
3. WILL NOT “COLD-FLOW” 
..even under extreme load conditions. 
4. IMPERVIOUS TO KNOWN CHEMICAL SOLVENTS 
..eliminates corrosion problems. 
5. FAIL-SAFE ...due to “Monoball”® design. 


Request Engineering manual No. 551. 


SOUTHWEST PRODUCTS CO. 


In addition, due to their two-piece ““MONOBALL’”’® 
design and plastic alloy insert, ““DYFLON’’® bear- 
ings have a long cycle life. Alignment and installa- 
tion problems are minimized. Oil-free for life 
means lowest possible maintenance costs. 

Available in a variety of plain or rod end types. 
Bore sizes to 3.000”. Materials include stainless 
steel, plastic alloys and chrome alloy steels. Ulti- 
mate static loads to 500,000 Ibs. 


1705 SO. MOUNTAIN AVE. 
MONROVIA, CALIF. - PHONE: MURRAY 1-9616 
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PARAMOUNT 
Die Castings 
AT WORK 


No. 5 of a Series 


RCA-Whirlpool Imperial Mark X11 Automatic Washer 


PARAMOUNT—.« major supplier 


of die castings to Whirlpool Corpora- 


tion for 15 years 

Whirlpool quality is recognized throughout the 
world, quality which stems from the rigid quali- 
ty standards which Whirlpool demands that its 
suppliers meet. 

Paramount’s engineering and production “know-how”, its ability to con- 
sistently meet Whirlpool’s exacting quality standards—as in these die castings 
for the RCA-Whirlpool Imperial Mark X11 Automatic Washer—are the reasons 
why Paramount has consistently been one of Whirlpool’s major suppliers 
for 15 years. 

It Will Pay You To Look to Paramount.. 

If your product incorporctes die castings or you're considering 
them—investigate Paramount's complete services. 

Three complete plants—two in St. Joseph, Mich., one in Seymour, Indiana. 


SEND For “Designing for Die Casting” 


PARAMOUNT cc Casting Ca. 


(A subsidiory of TALON, INC.) = ST. JOSEPH 3, MICHIGAN 


‘ Gear Case Cover 
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IDEAS 


for heavy equipment 











Looking for new solutions to heavy-duty power problems? 

This new brochure has full information on heavy-duty 

transmissions with input torque capacities of 150 to 

2500 ft-lb. Included is “idea material” describing: 

@ Standard transmissions customized to each application 

@ Wide variety of “engineered-to-order” transmissions 

®@ Specifications (capacities, speeds, gear ratios) for 
heavy-duty applications 

@ Examples of single-speed, multiple-speed and right 
angle drive transmissions 


Send coupon for your free copy. . . or see our Catalog 
in Sweet's Product Design File today! 


Cotta Transmission Co., 2340 - Ith Street, Rockford, Illinois 
Please send my copy of "Cotta Heavy-Duty Transmissions” to 
Name a. 

Company . 

Address 


City 
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the ADAMS RITE 


QUADRASTAT 
CONTROL 


APPLICATION: 


...Wherever positive contro/ and 
automatic self-locking are required. 


The Adams Rite QUADRASTAT Control employs a self- 
locking principle which permits infinite-positioning through 
use of the primary handle, but absolutely prevents any creep- 
age or change of setting due to vibration or ‘‘feed-back’”’ 
forces acting through the driven or actuating lever. 


Uniquely engineered and comprised of only 5 main elements, 
the sturdy but lightweight QUADRASTAT is presently in 
trouble-free use on a wide range of control operations. It has 
been successfully incorporated into such diverse applica- 
tions as tractor throttles, hydraulic valves, governors, air 
ducts, power boats, jet engines, and aircraft drag-brakes. 
The versatile unit may be manually, hydraulically, or motor 
controlled, and is available with handle, actuating lever, and 
quadrant mounted in various positions. 

To learn how the QUADRASTAT can solve your control prob- 
lem, write today for complete details and specifications, 
Department C-3. 


ADAMS RITE 


MANUFACTURING COMPANY 
® 540 West Chevy Chase Drive 


QO ; fa , ” Glendale 4, California 


212 
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EMPCO 


VERTICAL-MOTION 
LEVELING 











MODEL J-H 


AT LAST—A WEDGE-TYPE MACHINE LEVELING JACK 
THAT LIFTS...BUT DOESN’T SHIFT 


A major advance in precise machine leveling, the new 
Empco Vertical-Motion Jack gives you the convenience, 
adjustability and precision of wedge-type leveling—with- 
out lateral stress or shifting. Just a simple turn of the hex 
screw lifts up to 20,000 pounds, easily and precisely— 
keeps machines performing at their level 1 

best! Jack automatically compensates for 
uneven floors up to five degrees and may 
be used with anchor bolts where desired. 


SEND TODAY FOR BULLETIN 200 


Enterprise Machine-Parts Corp., 2723 Jerome Ave., Detroit 12, Mich 


LEVELING 
JACKS 
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High Temperature 
(from 500° to 1200°F) 


JACQ) BALL iar gp JOINTS 


NEW! 
A simple 
way , 


I = 1 
p~_ FLEX 
to solve I~ FLEX 


eance | PROBLEMS 
ye “a | At risers... at offsets... in straight runs, 
4} install Barco Flexible Ball Joints to handle 
al, any amount of PIPE EXPANSION —also 
= twisting, torsional movement. Here’s why 
it PAYS: 


Save Time— Expensive engineering and 
stress analysis not required. 


Cut Costs — No “pressure end thrust” in 
Barco joints; heavy anchoring and pipe 
guides not needed for installation. 

Safety — Joints are self-aligning for protec- 


tion against costly ‘“‘mis-alignment” damage. 
No thin wall sections; no lubrication needed. 


Patented 
Type HT 
Sizes: 
2” t 16" 


Save Space—One foot of offset (between 
ball center points) provides for 3” expansion. 
Find out about this method ; send for litera- 
ture. BARCO MANUFACTURING CO., 
506 H Hough St., Barrington, Illinois. 
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for millions of 
precision motions... 


THE WORLD 
TURNS TO 
DYNACO 


If you’re looking for proto- 
type precision in quantity pro- 
duction with immediate de- 
livery schedules, you just can’t 
beat DYNACO Precision Stock 
Gears and Assemblies engi- 
neered to answer every con- 
ceivable transmission require- 
ment. 

More than 50,000 different 
off-the-shelf gears and compo- 
nents are listed in Dynamic’s 
Catalog F-128. Send for your 
copy today. 


@ product of 

DYNAMIC GEAR COMPANY, Inc. 
175 Dixon Avenue ¢ Amityville, Long Island, N. Y. 

Telephone: AMityville 4-4788 ° Teletype: Amityville, N. Y. 640-U 


Western Division: 8912 Sepulveda Bivd., Van Nuys, California 
P.O. Box 4156 ¢ Telephone: EMpire 2-3125 ¢ Teletype: SNFD-4436 
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MAYLINE 





Choose 
Mayline 
Drafting 
PARALLEL RULING STRAIGHTEDGE Equipment 


With Mayline drafting fur- 
niture and equipment you 
get quality workmanship 
and materials, high per- 
formance, durability, and 
pleasing appearance. All 
products discussed in Cata- 
log 11. Write for your 


copy today. PROFESSIONAL DRAWING KIT 








Reo = 


SEE FOR YOURSELF HOW 


GRC TINY PARTS 


DIE CAST ZINC ALLOY and 
MOLDED ENGINEERING THERMOPLASTICS 


. - combine high quality, uniformity, 
accuracy . . . at low cost. NO SIZE TOO SMALL! 


GRC’s exclusive high-speed, automated single cavity MAXIMUM SIZES: 
techniques give you higher quality, more uniform- Zinc Alloy—2’, Y2 oz. 
ity, offer important production and assembly short- Nylon, Delrin & other 


cuts with precision small parts in die cast zinc al- engineering thermo- 
be . loy and molded plastics. plastics—1¥%4"’, .03 on 


These FREE SAMPLES and detailed bulletins on 


GRC’s unique services will show you why you can 
601 No. Commerce St. more . . . save more . . . when you know 
more about GRC. Write for yours TODAY—on com- 


Sheboygan, Wisconsin pany letterhead. 

GRIES REPRODUCER CORP. 
World’s Foremost Producer of Small Die Castings 
MAYLINE 32 Second St., New Rochelle, N. Y. ° NEw Rochelle 3-8600 


MAYLINE 
INI TAVW 





MASTER DRAWING TABLE 
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EXPLOSION PROOF 


SPEED SENSITIVE SWITCHES 


All GH series of cable driven governors and 
switches are available in this GH-E series. This 
housing meets the specifications for class 1 group 
D, Explosion Proof Equipment. For further infor- 
mation, write for Bulletin 504-A. 


SYNCHRO-START PRODUCTS, INC. 
8151 N. RIDGEWAY AVE., SKOKIE, ILL. 
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HOLDS 4 TIMES AS BiG A BUNDLE — 
HOLDS AT 90 G'S 


Genuine Bund-L-Tite* nylon straps are twice as long and fully 10 
times as strong as any other bundle-tying strap made. This means 
that you can secure larger bundles at greater stresses. Bund-L-Tite is 
fast and simple, too: just pull the self-locking strap around the wires. 
No tying, no knots, no hitches to come loose. Light-weight DuPont 
zytel meets MIL-P-17091. 14” size holds 40 lbs. tension; 4g”, 175 lbs.; 
¥4”, 325 lbs. IMITATED BUT NOT DUPLICATED. Write for free literature. 


i “e~ F~. Wao Tm 
ENGINEERING, INC. 
4315 Sepulveda Blvd., Culver City, California 


Manufacturer of 
Cab-L-Tite clamps. 


*Trade Mark 
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NOW AVAILABLE 


The repeated requests for reprints of 
MACHINE DESIGN’s Data Sheets has re- 
sulted in the collection of this useful in- 
formation into handy, compact manuals. 
Each manual contains the complete set of 
Data Sheets appearing in MACHINE 
DESIGN during a single year. This ex- 
cellent source of engineering information 
provides a constant reference for engi- 
neers seeking valuable short cuts to de- 
sign problems. Each manual sells for only 
$2.00 per copy yet pays big dividends in 
time saved. 





These worthwhile Data Sheet manuals are the 
only ones of their kind available. Order a 
set today for your department or personal 
library. Use the convenient form below for 
prompt service. 








MACHINE DESIGN 
Penton Bidg., 
Cleveland 13, Ohio 


(Remittance or Company Purchase 
Order must be enclosed with order) 
Please send me: 


_______copies of the 1959 Data Sheets 
________copies of the 1958 Data Sheets 
_______copies of the 1957 Data Sheets 
______copies of the 1956 Data Sheets 


Total: copies @ $2.00 per copy $___ 


NAME 





COMPANY _ 





ADDRESS _ 





CITY STATE _ 





(Add 3% to orders in Ohio to cover State Sales Tox) 
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DO YOU NEED 


a low-cost source 
of metal fabricating? 


Three large, well equipped plants at Aurora, 
Ill., York, Pa. and Los Angeles geared to 
economical production. Experienced in 
handling thousands of special items . . . 
products, parts, sub-assemblies, merchan- 
dising units, made to 

your specifications. 
Modern equipment 
includes coil steel slit- 
ting, leveling and 
edging, press work, all 
types of welding, elec- 
in trostatic finishing. 
SHEET METAL Sound design and en- 

PRODUCTION gineering counsel. 


oe 


ES 


Send for16-Page Booklet 
It tells All! 


LYON METAL PRODUCTS, INC. 


General Offices, 781 Monroe Avenue, Aurora, Illinois 


LYON METAL PRODUCTS, incon 
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air dries... resists corrosion 


HEAT-REM H-120A 


for 1200° temperatures 


FW 


Heat-Rem H-120A is 
the ideal coating for tem- 
peratures up to 1200° F. 
It’s easy to use... air 

+ dries without baking to 
an attractive hard alum- 
inum coating in 6 hours 
. . . resists industrial 
fumes, most acids, salt 
spray and weathering. 


Of extra heavy viscosity, H-120A is eco- 
nomical for either interior or exterior use. 
} It is recommended for exhaust manifolds, 
mufflers, boilers, heat lines, pickling and - 
boiling vats, etc. 
| ' Heat-Rem H-120A meets or exceeds gov- 
ernment and industrial specifications. Brush, 
spray or dip application. $ 
5 PER 
108 GALLON 


\) PECO, Inc. Cleveland 9, Ohio 
Pevath” PRODUCTS 


A-4066A 
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BHEW 


Hydraulic Cylinders 


e Basic Designs e Specific Adaptations 
e@ Superior Quality e@ Application Engineering 


BHEW SINGLE-ACTING GENERAL-PURPOSE CYLIN- 
DERS (1500 PSI PISTON STYLE SERIES) are designed 
around standard components but custom-built to 
suit your application. They’re available in a variety 
of mountings (pin eye is standard) with adjust- 
able or non-adjustable rod ends, with or with- 
out rod ends. 

¢ Self-adjusting ‘‘U"' cup seal on pistons « Self- 

oan. rod wipers « Honed steel barrel, high- 

tensile, hard chrome-plated rod ends « Packings 


available for extreme high and low temperatures 
and most non-inflammable fluids. - 


Production parts save you money, do the job 
better! BHEW basic cylinders can easily be 
modified to fit your specific product applica- 
tions. You benefit from production economies; 
you get custom-built cylinders. 


Let’s discuss your design and application a8 papas 


problems — Z 
FREE! pa 
Write today for Hydraulic Cylinder Engineering Reference et 
data — 78 dimensional basic designs for general-purpose 
and special-purpose double-acting and single-acting cyl- 


inders. SAVE TIME. 


BENTON HARBOR ENGINEERING WORKS, INC. 


622 Langley Avenue St. Joseph, Michigan 
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DEUBLIN 
Rotating 


A completely new, 20 

page illustrated catalog-manual 

showing all the mode!s of Deublin Rotating Unions 
for water, steam, air, hydraulic, vacuum and coolant 
service for the machines you make or use, is just off 
the press to help you get trouble-free service and re- 
duce your “down-time” and keep maintenance to a 
minimum. Shown are rotating joints for water and 
steam service; monoflow and duoflow unions; single 
and double passage rotating air unions; hi-pressure 
lo-torque unions; extra capacity air unions; rotating 
siphon pipe unions; in-the-shaft mounted unions; hy- 
draulic rotating unions and hi-speed coolant unions. 
Complete with full engineering data, cut-away draw- 
ings, plus instructions for installing, lubricating and 

servicing Deublin unions. 


Write for your free copy today. 


— 


Why HUSCO HYDRAULIC MULTI-PLUNGER 
VALVES 


HUSCO 3300-SP, 


showing size range. 


Fit a greater 


HUSCO 3900-SP range of control needs 


Valve 


Control Positions — raise, 
Model Sizes — over 120 lower, float and neutral. 
standerd valves for Available with Flange or 
unlimited modifications Standard M 
to specific needs. (3900 Valves only). 
Control up to SIX Cyl- Accurately Rated Ca- 
inders, single or double pacities from 3 to 185 
acting. G.P.M. at 22 f.p.s. 

@ Up to FOUR Standard velocity. 


These are only a few reasons why HUSCO Valves are 
more flexible in adaptation to your needs, more ef- 
ficient in power-saving control. 


Choice of FIVE Basic 





Write for HUSCO Catalog ‘‘Hydraulic’s House of Ideas” — ond 
for expert engineering assistance on your hydraulic control. 
HYDRAULIC UNIT 
SPECIALTIES CO. 


PUMPS @ VALVES os: , CYLINDERS 
P. O. Box 257-M, W: 





' - 
D E uU B Li fe co A PA NY &” West Coast Rpremetaieen 
: EASTMAN PACIFIC CO., Los Angeles, Calif. 


1923 STANLEY ST. * NORTHBROOK, ILL. ) ROY BOBBS AIR-DRAULIC CO., Portland, Ore. 
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[> YSTTeN] OFFERS TWO TECHNICAL REPRINTS 


PATENT FUNDAMENTALS 


A basic guide to what the company and engineer should 
know about handling ideas, inventions and patents. 








An Engineering Approach To 
HYDRAULIC LINES 





A design engineer’s handbook covering the selection and 
application of hydraulic conductors. 


Fundamentals of Line Flow 
Determining Line Size 

Selecting Hydraulic Tubing 
Selecting Hydraulic Pipe 
Selecting Hydraulic Hose 
Selecting Hydraulic Connections 


$1.00 a copy 


MACHINE DESIGN 
Penton Building 


Sixteen pages explaining, in layman’s language— 


@ Patentable Inventions 

© Company Approach 

© The Patent Application 
© Patent Interference 

@ Licenses 

@ File-Wrapper Estoppel 
® Outside Inventors 

© Design Patents 

© Copyrights 

@ Trademarks 

@ Service Marks 


Single copies FREE, $1.00 for 10 


Remittance or Company Purchase Order must be enclosed with order. 





Cleveland 13, Ohie NAME 
Please send me. copies 
of “Hydraulic Lines.” 

copies 


Please send me — 


COMPANY 








ZONE STATE 





of “Patent Fundamentals.” CITY 


(Add 3% to orders for delivery in Ohio to cover State Sales Tax) 
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BAR X'SEALS EVERYTHING 


AT TEMPERATURES FROM —400°F TO +1500°F! 


ANY FLUID—GAS—FUELS—WATER—LIQUID METALS—CRYOGENIC FLUIDS—CORROSIVE FLUIDS 
YDRAULIC— PNEUMATIC — VACUUM — CRYOGENIC — NUCLEAR 


BAR-X-SIZES: 
¥" TO 3” STANDARD 
3” TO 12” SPECIAL 


NO C RES 
INFINITE STORAGE LIFE 
UNPRECEDENTED SERVICE LIFE 


Eliminates critical downtime ™ Very high and very low pressure 
@ Easy, foolproof installation (not a mechanism) @ All-metal— 
non-contaminating ™ Stable, symmetrical design 

WRITE TODAY FOR THE FULL STORY! SALES ENGINEERS IN PRINCIPAL CITIES. 


Wiggins 


E. B. WIGGINS OIL TOOL CO., INC., Dept. F1 
3424 E. Olympic Bivd., Los Angeles 23, Calif. 
TWX 1403U, Phone AN 9-0181 
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__.. FUNK UNITS 
sc. ASSURE SMOOTH 
E POWER SHIFTING 


On this Getman Scoot-Crete ore carrier, a FUNK Revers-O- 
Matic® Drive installation delivers smooth, instant power 
shifting — forward and reverse — with just one foot pedal. 
And a FUNK TORQUE CONVERTER automatically adjusts 
power to speed and load requirements, eliminates wheel 
spinning. 

Just one example of how FUNK MODULAR POWER UNITS 
may be combined — in an unlimited number of arrangements 
— without special engineering costs. 


Let FUNK help solve your power transmission problem. 








Box 577-F 
Coffeyville, Kan. 
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New GEMCO 
ROTATING CAM 
LIMIT 
SWITCH 


PRECISION 
CAM ADJUSTMENT 
WITH A SCREW DRIVER... 


IN SECONDS! 
4 


One type cam... no 

special cam lobes required. 
Snap Action Switches, N. 0. and 
N. C.—electrically separated 


2 through 12 
circuits. Available in NEMA 
1,4,5,7,9 and 12 enclosures. 


Please send Bulletin 558 for complete story of new 
Gemco Rotating Cam Limit Switches. 
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COMPANY 





| — STATE 


G E > ELECTRIC COMPANY 
25685 West Eight Mile, Detroit 40, Mich. 
Sn 
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ENGINEERS 


Bausch & Lomb 


There are several openings for Sen- 
ior Design Engineers in the Product 
Design Sections of our company. 


These are permanent positions re- 
quiring the ability to take Mechani- 
cal Design responsibility from con- 
cept to a saleable product. Products 
involved are mechanical-electrical- 
optical in nature. Mechanical Engi- 
neering Degree and at least 5 years 
of mechanical experience is re- 
quired. Optical or electrical back- 
ground helpful but not necessary. 


Positions require board design, co- 
ordination of customer require- 
ments with Electrical and Optical 
Engineers, supervision of detail 
draftsmen, assistance to shop dur- 
ing construction and assembly as 
well as testing and development 
work. 


Those who can qualify and are inter- 
ested in real design responsibility 
are invited to send resume with sal- 
ary requirements to E. P. Faro, Pro- 
fessional Employment. 


Bausch & Lomb 


INCORPORATED 
13 Bausch Street 
Rochester 2, New York 
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ENGINEERS 


AVAILABLE OR WANTED 


oe CRRA Re Bene eon 5 CaM RN 








AVAILABLE: Experienced mechanical engineer, wide back- 
ground in gears and related transmission elements for turbo- 
machinery; looking for responsible assignment using this 
background in design, development, teaching, manufactur- 
ing. or consulting. Reply to Box 994, MACHINE DESIGN. 
1213 West Third Street, Cleveland 13, Ohio. 


PARTS? MATERIALS? 
COMPONENTS? FINISHES? 


Perhaps one of our advertisers in this issue 
of MACHINE DESIGN has the solution to your 

dilemma. We'll be willing to bet that this 
issue contains information that is essential 
to answering your problem. 


Fill out one of the yellow inquiry cards and 
send it to us. No letter or postage is neces- 
sary. We will forward your inquiry to the 
advertiser and he will reply directly to you. 


Why not do it right now? 


USE THE YELLOW CARD ON PAGE 19. 
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WELDED DIAPHRAGM BELLOWS By METAL BELLOWS CORP. 














HONEYWELL 





“ Lye SANDGEAS ASSOCIATES, INC. 


NASHUA. NEW HAMPSHIRE 


Used by Leading Manufacturers of Guidance and Propulsion Systems In Aero-Space Applications 


Where extreme accuracy, reliability and consistent perform- METAL 
ance are specifications . . . you can depend on the pioneers and 


leaders in welded metal diaphragm bellows research, engineer- Bibi 
ing and manufacturing to deliver the results. 


Design and manufacturing services are available in full depth CORPORATION 
from our plants on the east and west coasts. 


106 MICA LANE, WELLESLEY HILLS 82, MASSACHUSETTS » Pacific Division: 20972 Knapp Street, Chatsworth,(L.A.) California 
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BASIC ENGINEERING HELP FROM 


PEPYS Te] ror venicte DesiGNERS ONLY 


MOBILITY OF FRICTION-CLUTCH 
CROSS-COUNTRY VEHICLES TRANSMISSIONS 


A series of articles presenting up-to-date design data A bese cable te Oe clei at 
and mathematical methods for analyzing off-the-road oe 
locomotion of vehicles. application of friction clutches to 


Matching vehicle design to reliably join power transmission ele- 
© soil characteristics 
© Gust ments. Parameters for the balance of 
© flotation 
® motion resistance 
© track and wheel requirements design stage, are presented in this 
® optimum loads 

are the relationships covered in the booklet. four-part series. 


$1.00 a copy $1.00 a copy 


complete transmission systems, in the 











MACHINE DESIGN Remittance or Company Purchase Order must be enclosed with order. 

Penton Building 

Cleveland 13, Ohio NAME —__ 
Please send me____copies of COMPANY _ 
Mobility of Cross-Country Vehicles 
Please send me _____copies of ADDRESS - 
“Friction-Clutch Transmissions” CITY 














(Add 3% to orders for delivery in Ohio to cover State Sales Tax) 
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VOLUME II 
ENGINEERING 
AIDS 


© Simplifying Constructions 
© Utilizing the Slide Rule 
@ Construction Aids 

® Shortcuts for the Engineer 


Helpful Tips and Techniques 
that apply to engineering meth- 
ods, are now available in this 
one-volume reference. This man- 
ual contains 32 pages of illus- 
trated time-and-money saving 
procedures that every engineer 
can use. 


$1.00 a copy 


Order from 
MACHINE DESIGN 


Reader Service 
Penton Building 
Cleveland 13, Ohio 


(Remittance or Company Pur- 
chase Order must be enclosed 
with order) 
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backtalk— 


—Pushbutton Potables 


Best friend of the busy bartender or the 
harried host could be a little machine called 
Cocktailmatic. Resembling a milkshake mixer 
when it isn’t loaded, this device mixes in- 
gredients for one, two, or three fresh martinis 
or manhattans when an appropriate button 
is pushed. It even offers dry, very dry, or very, 
very dry martinis. 


Now for the part that will interest you en- 
gineers: A number of problems in materials 
selection faced Cocktailmatic’s designers. They 
learned that the iron in stainless steel parts 
subject to constant rubbing contact will mix 
with the tannic acid in whiskey, turning it an 
inky black. So, a high nickel alloy was specified. 
Much time was spent finding plastic for the 
measuring cups and rubber for seals which 
wouldn’t impart a foreign taste to alcohol. In 
making tests, the designers tried to use water 
but had to resort to real liquor because the 
surface tension of the two are different, and 
water won’t pour in the machine. 

AutoBar Systems Div. of American Machine 
and Metals Inc., which makes Cocktailmatic, 
points out that this isn’t an example of auto- 
mation, because it doesn’t replace a person. 
Unfortunately, the button-pusher does not come 
with the machine. 


—facts on Fatigue 


Your attention is called to a forthcoming 
publication on fatigue—not advice on how 
to get rid of that tired feeling, but practical 
information on factors which cause fatigue 
failures, how to anticipate them and eliminate 
them at the design stage. We refer to the 
series “Preventing Fatigue Failures,” the last 
part of which appears in this issue, and all 


of which will be in a reprint (if the type holds 
up) available for $1.00 from Reader Service 
Dept., Macuine Desicn, Penton Bldg., Cleve- 
land 13, Ohio. 


—A Traumatic Transaction 


Before any readers, or Messrs. Dow and 
Jones, mention it to us, we want to go on rec- 
ord with an acknowledgment of our misuse of 
stock-market parlance in the last issue. We 
started off Page 22 with an announcement that 
the employment market for engineers was “bul- 
lish,” then proceeded to discuss a decline in 
demand. Too late, we discovered the slip of 
the thought process. But we do know the dif- 
ference—and that’s no bear. 


—Help in Hefting 


A silent instructor who doesn’t mind being 
called a dummy is teaching employees at 
Dayco Corp., Melrose Park, IIl., how to avoid 
back injuries when lifting. The device works 
on a simple leverage principle. It has movable 
joints at the ankles, knees, hips, and shoulders; 
the spine is a series of wooden blocks held to- 
gether by elastic strips. A student lifter oper- 
ates the dummy by means of a handle at the 
base of its spine. If the load has been placed 
correctly—and the dummy’s knees are bent 
and its back straight—it lifts properly, without 
harm to its back (left). However, if the load 
is too far forward, the dummy’s wooden back- 
bones separate. Any employee who has es- 
tablished empathy with the dummy will im- 
mediately realize the injury a human being 
would suffer under the same circumstances. 
Getting the message, Toni Galoti expresses 
alarmed concern for having made the dummy 
lift incorrectly. The gentleman who did it right 
is Ray Hart, safety director for Dayco. 
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Why, 


i alt-weeat-lal 
a 


fastener 
folge)e) (=) ae 


and here’s how 
Pheoll solved it 


It’s no picnic .. . this rising cost of labor and material. . . 

especially to a cost-control engineer. 

However, new ways are constantly being found to improve quality 

while cutting expenses. In this instance a cost-conscious engineer, 

working closely with a Pheoll Sales Engineer, discovered how he 

could save his company money on a brass terminal item. 

The fastener in-the picture formerly had a hole drilled laterally 

through the head, into which a wire was inserted and soldered. It 

was necessary also to prevent the terminal from turning as the 

nut was tightened. 

Pheoll facilitated the assembly operation by producing a brass HEADING 
terminal with special lugs under the head to prevent turning... THE 

and also incorporated a wide slot, instead of a hole, in the head ENLARGED VIE! 

to speed and simplify the wire connection when soldering. FASTENER 
Result was the reduction in cost of producing this fastener by seuntanattinied 
66%. One more example of the cost-conscious quality engineering FOR OVER 
. .. custom work you can expect .. . when you bring your 50 YEARS 
fastener problems to Pheoll. 


Pheoll Manufacturing Company, Inc. 
5700 WEST ROOSEVELT ROAD CHICAGO 50, ILLINOIS 
Circle 202 on Page 19 





How world’s largest tracer lathe 
assures precision 





















































Engineers of The American Tool Works Co. design 
maintenance of high precision right into their new 
Maxi-Swing Tracer Lathe with 16 Timken® tapered 
roller bearings on the nose and center of the spindle, 
drive and intermediate shafts. That’s because Timken 





bearings are designed and manufactured to take the 
big loads from all directions of this machine cutting 
%” deep into work pieces of up to 40 tons. And they do 
it through a range of 22 speeds, giving rigidity with 
compact mounting and ease of assembly. 





Industry rolls on 


TIMKEN 


tapered roller bearings 











The Timken Roller Bearing Com- 
pany, Canton6, Ohio. Cableaddress: 
“TIMROSCO”. Makers of Tapered 
Roller Bearings, Fine Alloy Steel 


ON-THE-SPOT ENGINEERING SERVICE. Our sales engineers can help you and Removable Rock Bits. Canadiaa 
right at the design stage to get the most economical bearing in terms of Division: Canadian Timken, St. 
needed capacity and precision. Why not call them in early? Thomas, Ontario. 
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